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^ (54) rule: NUCLEOSIDE DERIVATIVES AS INHIBITORS OF RNA-DEPENDENT RNA VIRAL POLYMERASE 

^ (57) Abstract: The present invention provides nucleoside derivatives which are inhibitois of RNA -dependent RNA viral polymerase 
^ These compounds arc inhibitors of RNA-dependent RNA viral replication and are useful for the treatment of RNA-dependenl RNA 
^ viral infection. They are particulariy useful as inhibitors of hepatitis C viras (HCV) NS5B polymerase, as inhibitors of HCV repli- 

O cation, and/or for the treatment of hepatitis C infection. The im^ention also describes pharmaceutical compositions containing such 
nudeoside denvalives alone or in combination with other agents active against RNA-dependenl RNA viral infection, in particular 
^ HCV infection. Also disclosed are methods of inhibiting RNA-dependent RNA polymerase, inhibiting RNA-dependent RNA viral 
10^ replication, and/or treating RNA-dependenl RNA viral infection with the nucleoside derivatives of the present invention 
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Tm^ OF THE INVENTION 

NUCLEOSIDE DERIVATIVES AS INHIBITORS OF RNA-DEPENDENT RNA 
VIRAL POLYMERASE 

5 HELD OF THE INVENTION 

The present invention provides nucleoside derivatives which are 
inhibitors of RNA-dependent RNA viral polymerase. Hiese compounds are inhibitors 
of RNA-dependent RNA viral replication and are useful for the treatment of RNA- 
dependent RNA viral infection. . They are particularly useful as inhibitors of hepatitis 
10 C virus (HCV) NS5B polymerase, as inhibitors of HCV replication, and for the 
treatment of hepatitis C infection. 

BACKGROUND OF THE INVENTION 

Hepatitis C virus (HCV) infection is a major health problem that leads 

15 to chronic liver disease, such as cirrhosis and hepatocellular carcinoma, in a 

substantial number of infectfed individuals, estimated to be 2-15% of the world's 
population. There are an esdmated 4.5 million infected people in the United States 
alone, according to the U.S. Center for Disease Control. According to the World 
Health Organization, there are more than 200 million infected individuals worldvi^ide, 

20 with at least 3 to 4 million people being infected each year. Once infected, about 20% 
of people clear the virus, but the rest harbor HCV the rest of their lives. Ten to twenty 
percent of chronically infected individuals eventually develop liver-destroying 
cirrhosis or cancer. The viral disease is transmitted parenterally by contaminated 
blood and blood products, contaminated needles, or sexually and vertically from 

25 infected mothers or carrier mothers to their off-spring. Current treatments for HCV 
infection, which are restricted to immunotherapy with recombinant interferon-a alone 
or in combination with the nucleoside analog ribavirin, are of limited clinical benefit. 
Moreover, there is no estabhshed vaccine for HCV. Consequently, there is an urgent 
need for improved therapeutic agents that effectively combat chronic HCV infection. 

30 The state of the art in the treatment of HCV infection has been reviewed, and 
reference is made to the following publications: B. Dymock, et al., "Novel 
approaches to the treatment of hepatitis C virus infection," Antiviral Chemistry & 
Chemotherapv, 11: 79-96 (2000); H. Rosen, et al., '"Hepatitis C virus: current 
understanding and prospects for future therapies," Molecular Medicine Todav , 5: 393- 

35 399 (1999); D. Moradpour, et al., "Current and evolving therapies for hepatitis C," 
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European J. Gastroenterol. Hepatol., 11: 1189-1202 (1999); R. Bartenschlager, 
"Candidate Targets for Hepatitis C Virus-Specific Antiviral ITierapy Interviiologv . 
40: 378-393 (1997); G.M. Lauer and BJD. Walker, 'Hepatitis C Virus Infection/' N, 
EnglJLMed., 345: 41-52 (2001); B.W. Dymock, ''Emerging therapies for hepatitis C 
5 virus infection," Emerging Drugs . 6: 13-42 (2001); and C. Crabb, 'Hard-Won 
Advances Spark Excitement about Hepatitis C Science : 506-507 (2001); the 
contents of all of which are incorporated by reference herein in their entirety. 

Different approaches to HCV therapy have been taken, which include 
the inhibition of viral serine proteinase (NS3 protease), helicase, and RNA-dependent 
10 RNA polymerase (NS5B), and the development of a vaccine. 

The HCV virion is an enveloped positive-strand RNA virus with a 
single oligoribonucleotide genomic sequence of about 9600 bases which encodes a 
pblyprotein of about 3,010 amino adds, the protein products of the HCV gene 
consist of the structural proteins C, El, and E2; and the non-structural proteins NS2, 
15 NS3, NS4A and NS4B, and NS5A and NS5B; The nonstructural (NS) protems are 
believed to provide the catalytic machinery for viral replication. The NS3 protease 
releases NS5B, the RNA-dependent RNA polymerase from the polyprotein chain. 
HCV NS5B polymerase is required for the synthesis of a double-stranded RNA from 
a single-stranded viral RNA that serves as a template in the replication cycle of HCV. 
20 NS5B polymerase is therefore considered to be an essential component in the HCV 
replication complex [see K. Ishi, et al., "Expression of Hepatitis C Virus NS5B 
Protein: Characterization of Its RNA Polymerase Activity and RNA Binding," 
Hepatology, 29: 1227-1235 (1999) and V. Lohmann, et al., "Biochemical and Kinetic 
Analyses of NS5B RNA-Dependent RNA Polymerase of the Hepatitis C Virus," 
25 Virology, 249: 108-1 18 (1998)]. Inhibition of HCV NS5B polymerase prevents 
formation of the double-stranded HCV RNA and therefore constitutes an attractive 
approach to the development of HCV-specific antiviral therapies. 

It has now been found that nucleoside compounds of the present 
invention and certain derivatives thereof are potent inhibitors of RNA-dependent 
30 RNA viral replication and in particular HCV replication. The 5'-triphosphate 

derivatives of the nucleoside compounds arc inhibitors of RNA-dependent RNA viral 
polymerase and in particular HCV NS5B polymerase. The instant nucleoside 
compounds and derivatives thereof are useful to treat RNA-dependent RNA viral 
infection and in particular HCV infection. 
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. It is therefore an object of the present invention to provide nucleoside 
compounds and certain derivatives thereof which are useful as inhibitors of RNA- 
dependent RNA viral polymerase and in particular as inhibitors of HCV NS5B 
polymerase. 

5 It is another object of the present invention to provide nucleoside 

derivatives which are useful as inhibitors of the replication of an RNA-dependent 
RNA virus and in particular as inhibitors of the replication of hepatitis C virus. 

It is another object of the present invention to provide nucleoside 
compounds and certain derivatives which are useful in the treatment of RNA- 
10 dependent RNA viral infection and.in particular in the treatment of HCV infection. 

Jt is another object of the present invention to provide phamiaceutical 
compositions comprising the novel compounds of the present invention in association 
with a pharmaceutically acceptable carrier. 

It is another object of the present invention to provide pharmaceutical 
15 compositions comprising the nucleoside compounds and derivatives thereof for use as 
inhibitors of RNA-dependeijt RNA viral polymerase and in particular as inhibitors of 
HCV NS5B polymerase, t 

It is another object of the present invention to provide pharmaceutical 
compositions comprising the nucleoside compounds and derivatives thereof for use as 
20 inhibitors of RNA-dependent RNA viral replication and in particular as inhibitors of 
HCV replication. 

It is another object of the present invention to prt)vide pharmaceutical 
compositions comprising the nucleoside compounds and derivatives thereof for use in 
the treatment of RNA-dependent RNA viral infection and in particular in the 
25 treatinent of HCV infection. 

It is another object of the present invention to provide pharmaceutical * 
compositions comprising the nucleoside compounds and derivatives thereof in 
combination witii otfier agents active against an RNA-dependent RNA virus and in 
particular against HCV. 
30 It is another object of the present invention to provide methods for the 

inhibition of RNA-dependent RNA viral polymerase and in particular for the 
inhibition of HCV NS5B polymerase. 

It is another object of the present invention to provide methods for the 
inhibition of RNA-dependent RNA viral replication and in particular for the inhibition 
35 ofHCVrepHcation. 
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It is another object of the present invention to provide methods for the 
treatment of RNA-dependent RNA viral infection and in particular for the treatment 
of HCV infection. 

It is another object of the present invention to provide methods for the 
5 treatment of RNA-dependent RNA viral infection in combination with other agents 
active against RNA-dependent RNA virus and in particular for the treatment of HCV 
infection in combination with other agents active against HCV. 

It is another object of the present invention to provide nucleoside 
compounds and certain derivatives thereof and their pharmaceutical compositions for 

10 use as a medicament for the inhibition of RNA-dependent RNA viral replication 
and/or the treatment of RNA-dependent RNA viral infection and in particular for the 
inhibition of HCV replication and/or the tiBatment of HCV infection. 

It is another object of tiie present invention to provide for the use of the 
nucleoside compounds and certain derivatives tiiercof of the present mvraition and 

15 their pharmaceutical compositions fOT die manufacture of a medicament for the 
inhibition of RNA-dependent RNA viral rejplication and/or tiie treatinent of RNA- 
dependent RNA viral infectibn and in particular for tiie inhibition of HCV replication 
and/or the treatment of HCV infection. 

These and otiier objects will become readily apparent from tiie detailed 
20. description which follows. 

SUMMARY OF THE INVENTION 

The present invention provides a metiiod for inhibiting RNA- 
dependent RNA viral polymerase, a metiiod for inhibiting RNA-dependent RNA viral 
25 replication, and/or a inetiiod for treating RNA-dependent viral infection in a mammal 
in need tiiereof , comprising administering to tiie mammal a ttierapeutically effective - 
amount of a compound of structural fonnula I which is of the stereochemical 
configuration: 
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or a pharmaceutically acceptable salt thereof; 
wherein B is selected from the group consisting of 




A, G, and L are each independently CH or N; 
5 D is N, CH, C-CN, C-NO2, G-CiJs alkyl, C-NHCONH2, C-CONRl iRll, 

C-CSNRllRll, C-COORli; C-C(=NH)NH2, C-hydroxy, C-C1-3 alkoxy, C-amino, 
C^Cm alkylamino, C-di(CM alkyI)amino. C-halogen, C-(l,3-oxazo]-2.yl), C-(l,3- 
thiazol-2-yl), or C-(iTnidazol-2-yl); wherein alkyl is unsubstituted or substituted with 
one to three groups independently selected from halogen, amino, hydroxy, caiboxy, 
10 and Ci-3 alkoxy; 

EisNorCRS; 
WisOorS; 

Y is H, Cmo alkylcarbonyl, P3O9H4, P2O6H3, or P(O)R9r10; 
Rl is hydrogen, C2-4 alkenyl, C2-4 alkynyl, or Ci^ alkyl optionally substituted with 
15 amino, hydroxy, or 1 to 3 fluorine atoms and one of R2 and R3 is hydroxy or Ci>4 
alkoxy and the other of R2 and r3 is selected from the group consisting of 

hydrogen, 

hydroxy, 

halogen, 

20 Ci-4 alkyl, optionally substituted with 1 to 3 fluorine atoms, 

Ci-10 alkoxy, optionally substituted with C1.3 alkoxy or 1 to 3 fluorine 
atoms, 

C2-6 alkenyloxy, 
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Cm alkylthio, 

Ci-g alkylcarbonyloxy, 

aryloxycarbonyl, 

azido, 

5 amino, 

Ci-4 alkylamino, and 
di(Ci-4 alkyl)amino; or 
R2 is hydrogen, C2-4 alkenyl, C2-4 alkynyl, or Ci^ alkyl optionally substituted with 
amino, hydroxy, or 1 to 3 fluorine atoms and one of Rl and R3 is hydroxy or Ci-4 
10 alkoxy and the other of Rl and R3 is selected from the group consisting of 
hydrogen, 
hydroxy, 
halogen, 

Ci-4 alkyl, optionally substituted with 1 to 3 fluorine atonis, 
15 Ci-io alkoxy, optionally substituted with hydroxy, Ci-3 alkoxy, carboxy, or 1 

to 3 fluorine atoms, i 

C2-6 alkenyloxy, ' 

Ci-4 alkylthio, 

Ci-8 alkylcarbonyloxy, 
20 aryloxycarbonyl, 

azido, 

amino, 

Ci-4 alkylamino, and 

di(Ci-4 alkyl)amino; or 
25 Rl and R2 together with the carbon atom to which they are attached form a 3- to 6- 
membered saturated monocyclic ring system optionally containing a heteroatom 
selected from O, S, and NCo-4 alkyl; 

R4 and R6 are each independently H, OH, SH, NH2, Ci»4 alkylamino, di(Ci-4 
alkyl)amino, C3-6 cycloalkylamino, halogen, Ci^ alkyl, Ci^ alkoxy, or CF3; 
30 R5 is H, C1.6 alkyl, C2-6 alkenyl, C2-6 alkynyl, C1-4 alkylamino, CF3, or halogen; 
Rl4 is H, CF3, Cm alkyl, amino, C1-4 aDqrlamino, C3-6 cycloalkylamino, or 
di(Ci^ alkyl)amino; 

R7 is hydrogen, amino, C1-4 alkylamino, C3-6 cycloalkylamino, or 
di(Ci-4 alkyl)amino; 
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each Rl 1 is independently H or Ci^6 alkyl; 

R8 is H, halogen, CN, carboxy, Ci^ alkyloxycarbonyl, N3, amino, Ci^ alkylamino, 
di(Ci-4 alkyl)aniino, hydroxy, C1.6 alkoxy, Ci-6 alkylthio, Ci-6 alkylsulfonyl, or 
(Ci-4 aIkyl)0-2 aminomethyl; 
5 Rl2 and Rl3 are each independently hydrogen, methyl, hydroxymethyl, or 
fluoromethyl; and 

R9 and RlO are each independently hydroxy, OCH2CH2SC(=0)Ci-4 alkyl, 
OCH20(C=OPC1^ alkyl, NHCHMeC02Me, OCH(Ci^ alkyl)0(C=0)Ci^ alkyl, 

0(CH2)9CH3 OCO(CH2)i4CH3 . 

10 with the provisos that (a) when Rl is hydrogen, one of R3 and R4 is hydrogen, and R2 
is fluoro, then the other of R3 and R4 is not hydrogen, halogen, azido, trifluoromethyl, 
Ci-4 alkyl, amino, Ci^ alk^lamino, di(Ci^ alkyl)amino, or Cmq alkoxy; (b) when 
Rl is hydrogen, one of R3 and R4 is hydrogen, and R2 is halogen, hydroxy, Ci^ 
alkoxy, or C2^ alkenyloxy, &en the other of R3 and r4 is not hydrogen, fluoro, or 

15 azido; and (c) when Rl and R3 are hydrogen and R2 is hydroxy, then R4 is not 
hydroxy. 

The present invention also provides novel compounds of structural 
formula IV of the indicated stereochemical configuration which are useful as 
inhibitors of RNA-dependent RNA viral polymerase. The compounds of formula IV 
20 are also inhibitors of RNA-dependent RNA viral replication and are useful for the 
treatment of RNA-dependent RNA viral infection: 



O 




(IV) 

wherein B is selected from the group consisting of 
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A, G, and L are each independently CH or N; 

D is N. CH, C-CN, C-NO2, C-C1.3 alkyi, C-NHCONH2, C-CONRHrH, 
C-CSNRl iRl 1, C-COORl 1, C-C(=NH)NH2, C-hydroxy, C-C1.3 alkoxy, C^amino, 
5 C-Cm alkylamino, C-di(Ci^ alkyl)aminp, C-halogen, C-(l,3-oxazol-2-yl), C-(l,3- 
thiazol-2-yI), or C-(inudazoI-2-yl); wherein alkyl is unsubstituted or substituted with 
one to three groups independently selected from halogen, amino, hydroxy, caiboxy, 
and alkoxy; 

EisNorCRS; 
10 WisOorS; 

Rl is hydrogen. C2^ alkenyl, C2.4 alkynyl, or Ci^ alkyl optionally substituted with 
amino, hydroxy, or 1 to 3 fluorine atoms and one of R2 and R3 is hydroxy or Ci^ 
alkoxy and the other of R2 and R3 is selected from the group consisting of 
. hydrogen, 
15 hydroxy, 
halogen, 

Ci-4 alkyl, optionally substituted with 1 to 3 fluorine atoms, 

Ci-io alkoxy, optionally substituted with C1-3 alkoxy or 1 to 3 fluorine 

atoms, 

20 C2-6 alkenyloxy, 

Ci-4 alkylthio, 
C1.8 alkylcarbonyloxy, 
aryloxycarbonyl. 
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azido, 
amino, 

Ci-4 alkylamino, and 

di(Ci-4 alkyl)amino; or 
5 R2 is hydrogen, C2-4 alkenyl, C2-4 alkynyl, or Ci_4 alkyl optionally substituted with 
amino, hydroxy, or 1 to 3 fluorine atoms and one of Rl and R3 is hydroxy or Ci-4 . 
alkoxy and the other of Rl and R3 is selected from the group consisting of 

hydrogen, 

hydroxy, 
10 halogen, 

Ci-4 aikyi, optionally substituted with 1 to 3 fluorine atoms, 

Ci-io alkoxy, optionally substituted with hydroxy, Ci-3 alkoxy, carboxy, or 1 

to 3 fluorine atoms, 

C2-6 alkenyloxy, 
15 C1.4 alkylthio, 

Ci-8 alkylcarbonylof y, . 

aryloxycarbonyl, 

azido, 

amino, 

20 Ci^ alkylamino, and 

di(Ci-4 alkyl)an2ino; or 

R1 and R2 together with the carbon atom to which they are attached form a 3- to 6- 

membered saturated monocyclic ring system optionally containing a heteroatom 

selected from O, S, and NCo-4 alkyl; 
25 each r4 is independently H, OH, SH, NH2, C1-4 alkylamino, di(Ci^ aIkyl)amino, 

C3-6 cycloalkylamino, halogen, C1-4 alkyl, Ci-4 alkoxy, or CF3; 

R4andR6 are each independently H, OH, SH, NH2, C1-4 alkylamino, di(Ci-4 

alkyl)amino, C3-6 cycloalkylamino, halogen, Ci^4 alkyl, Ci-4 alkoxy, or CF3; 

r5 is H, C1.6 alkyl, C2-6 alkenyl, C2-6 alkynyl, Ci_4 alkylamino, CF3, or halogen; 
30 R14 is H, CF3, Ci^ alkyl, amino, C1-4 alkylamino, C3-6 cycloalkylamino, or 

di(Ci^ alkyl)amino; 

■ R7 is hydrogen, amino, C1-4 alkylamino, C3-6 cycloalkylamino, or 
di(Ci-4 alkyl)amino; 

each Rll is independently H or Ci^ alkyl; 
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R8 is H, halogen, CN, carboxy, Ci_4 aJkyloxycarbonyl, N3, amino, Ci^ alkylamino, 
di(Ci-4 alkyOamino, hydroxy, Cj^g alkoxy, Ci.6 alkylthio, Ci-6 alkylsulfonyl, or 
(Ci-4 alkyI)o.2 aminomethyl; 

R12 and Rl3 are each independently hydrogen, methyl, hydroxymethyl, or 
5 fluoromethyl; and 

R9 and RlO are each independently hydroxy, OCH2CH2SC(=0)Ci-4 alkyl, 
0CH20(C=0)0Ci^ alkyl. NHCHMeC02Me, OCH(Ci^ alkyl)0(C=0)Ci-4 alkyl, 

0(CH2)9CH3 °V OCO(CH2)i4CH3 

provided that at least one of R? and RlO is not hydroxy. 
10 The present invention further provides novel compounds of structural 

formula Xn of the indicated stereochemical configuration which are useful as 
inhibitors of RNA-dependei^t RNA viral polymerase and in particular of HCV NS5B 
polymerase: \ ' . 




(XII) 

15 wherein R^ and Rh are each independently selected from the group consisting of 
hydrogen, cyano, azido,. halogen, hydroxy, mercapto, amino, C1-4 alkoxy, C2-4 
alkenyl, C2-4 alkynyl, and C1-4 alkyl, wherein alkyl is unsubstituted or substituted 
with hydroxy, amino, C1-4 alkoxy, C1-4 alkylthio, or one to three fluorine atoms; 
Rb is C2-4 alkenyl, C2-4 alkynyl, or C1-4 alkyl, wherein alkyl is unsubstituted or 

20 substituted with hydroxy, amino, C1-4 alkoxy, C1-4 alkylthio, or one to three fluorine 
atoms; 

Rc is hydrogen, fluorine, hydroxy, mercapto, C1-4 alkoxy, or Ci^ alkyl; or Rb and 
Rc together with the carbon atom to which they are attached form a 3- to 6-membered 
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saturated monocyclic ring system optionally containing a heteroatom selected from O, 
. S,andNC(K4allqrl; 

Rd is hydrogen, cyano, nitro, Ci,3 alkyl, NHCONH2, CONRJRi, CSNRIRj, COORj, 
C(=NH)NH2, hydroxy, Ci-3 alkoxy, amino. CiJi alkylamino, di(Ci-4 alkyl)amino, 
5. halogen, (l,3-oxazol-2-yl), (l,3-thiazol-2-yl), or (imidazol-2-yl); wherein alkyl is 
unsubstituted or substituted with one to three groups independently selected from 
halogen, amino, hydroxy, carboxy, and C1-3 alkoxy; 

Re and Rf are each independently hydrogen, hydroxy, halogen, Ci^ alkoxy, amino, 
Ci^ alkylamino, di(Ci-4 alkyl)amino, €3^5 cycloalkylamino, di(C3-6 
10 cycloalkyl)amino, or C4-6 cycloheteroalkyl, unsubstituted or substituted with one to 
two groups independently selected from halogen, hydroxy, amino, C1.4 alkyl, and 
Ci-4 alkoxy; 

Rg is hydrogen. Cm alkyl, C2-4 alkynyl, halogen, cyano, carboxy, Cm 

alkyloxycaxbonyl, azido, amino, Cm alkylamino, di(Ci-4 al]syl)amino, hydroxy, 
15 Ci^ alkoxy, Ci-6 alkylthio, Ci-6 alkylsulfonyl, (C1-4 alkyl)0-2 aminomethyl, or 

C4-6 cycloheteroalkyl, unsu))stituted or substituted with one to two groups 

independently selected from^halogen, hydroxy, amino, Cm alkyl, and C1-4 alkoxy; 

Ri is hydrogen, Cmq alkylcarbonyl, P3O9H4, P2O6H3, or P(0)RniRn; 

each Rj is independently hydrogen or Ci.g alkyl; 
20 Rk and Rl are each independently hydrogen, methyl, hydroxymethyl, or fluoromethyl; 

and 

Rm and Rn are each independently hydroxy, OCH2CH2SC(=0)Cm alkyl, 
0CH20(C=0)0Cm alkyl, NHCHMeC02Me, OCH(Ci-4 alkyl)0(C=0)CM alkyl, 

0(CH2)9CH3 . OCO(GH2)i4CH3 . 

25 with the proviso that when Ra and Rc are a-hydroxy. Re is amino, Rb is P-methyl and 
Rh is hydrogen or Rh is P-methyl and Rb is hydrogen, and Rf, Rg, Ri, Rk, and Rl are 
hydrogen, then Rd is not cyano or CONH2. 

Th& compounds of formula XU are also inhibitors of RNA-dependent 
RNA viral.replication and in particular of HCV replication and are useful for the 
30 treatment of RNA-dependent RNA viral infection and in particular for the treatment 
of HCV infection. 
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Also encompassed within the present invention are pharmaceutica] 
compositions containing the compounds alone or in combination with other agents 
acti ve against RNA-dependent RNA virus and in particular against HCV. 



5 DETAILED DESCRIPTION OF THE INVE^m 

The present invention provides a method for inhibiting RNA- 
dependent RNA viral polymerase, a method for inhibiting RNA-dependent RNA viral 
replication, and/or a method for treating RNA-dependent RNA vkal. infection in a 
mammal in need thereof comprising administering to the mammal a therapeutically 
10 effective amount of a compound of structural formula I which is of the stereochemical 
configuration: 




d3 



(I) 



or a pharmaceutically acceptable salt thereof; 
wherein B is selected from the group consisting of 





15 




N 



>14 



>ii 




and 



W 




A, G, and L are each independently CH or N; 

D isN, CH, C-CN, C-N02, C-C1.3 alkyl, C-NHCONH2, C-CONRHrH, 
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C-CSNRllRll, C-COORll, C.C(=NH)NH2, C-hydroxy, C-Ci-S alkoxy, C-amino, 
C-Ci-4 alkylamino, C-di(Ci^ alkyl)ainino, C-halogen, C-(l,3-oxazol-2-.yl), C-(l,3- 
thiazoI-2-yl), or C-(imidazol-2-yl); wherein alkyl is unsubstituted or substituted with 
one to three groups independently selected from halogen, amino, hydroxy, carboxy, 
5 and Ci-3 alkoxy; 
EisNorCRS; 
WisOorS; 

Y is H, Cmo alkylcarbonyl, P3O9H4, P2O6H3, or P(O)R9r10; 
Rl is hydrogen, C2-4 alkenyl, C2A alkynyl, or Ci^ alkyl optionally substituted with 
10 amino, hydroxy, or 1 to 3 fluorine atoms and one of R2 and R3 is hydroxy or C1-4 
alkoxy and the other of R2 and r3 is selected from the group consisting of 

hydrogen, 

hydroxy, 

halogen, . 

15 Ci-4 alkyl, optionalljr substituted with 1 to 3 fluorine atoms, 

Ci-io alkoxy, optioi^ally substituted with C1-3 alkoxy or 1 to 3 fluorine 

atoms, *' 

C2-6 alkenyloxy, 

Ci-4 alkylthio, 
20 alkylcarbonyloxy, 

aryloxycarbony], 

azido, 

amino, 

Ci-4 alkylamino, and 
25 di(Ci-4 alkyl)amino; or 

R2 is hydrogen, C2-4 alkenyl, C2-4 alkynyl, or Cm alkyl optionally substituted 
amino, hydroxy, or 1 to 3 fluorine atoms and one of Rl and R3 is hydroxy or Ci^ 
alkoxy and the other of Rl and R3 is selected from the group consisting of 
hydrogen, 
30 hydroxy, 
halogen. 

Cm alkyl, optionally substituted with 1 to 3 fluorine atoms; 

Cmo alkoxy, optionally substituted with hydroxy, C1.3 alkoxy, carboxy, or 1 

to 3 fluorine atoms. 
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C2-6 alkenyloxy, 
Ci^ alkylthio, 
Ci-S alkylcarbonyloxy, 
aryloxycarbonyl, 
5 azido, 
amino, 

Ci^ alkylamino, and 

di(Ci^ alkyl)ainino; or 
Rl and R2 together with the carbon atom to which they are attached fonn a 3- to 6- 
10 membered saturated monocyclic ring system optionally containing a heteroatom 
selected from O, S, and NCo-4 alkyl; 

R4 and R6 are each independently H, OH, SH, NH2, C1-4 alkylamino, di(Ci-4 
aIkyl)amino, C3.6 cycloalkylamino, halogen, Ci^ alkyl, Ci^ alkoxy, or CF3; 
r5 is H, Ci-6 alkyl, C2.6 alkenyl, C2.6 alkynyl, Ci^ alkylamino, CP3, or halogen; 
15 Rl4 is H,CF3,Ci-4 alkyl, amino, Ci-4 alkylamino, Cs^c^^^ 
di(Ci-4 alkyl)amino; i . 

R7 is hydrogen, amino, Ci-4- alkylamino, €3^ cycloalkylamino, or 
di(Ci-4 aIkyI)amino; 

each Rl 1 is independently H or Ci^g alkyl; 
20 r8 is H, halogen, CN, carboxy, C1.4 alkyloxycarbonyl, N3, amino, CI-4 alkylamino, 
di(Ci-4 alkyl)amino. hydroxy, C1.6 alkoxy, Ci.6 alkylthio, Ci-6 alkylsulfonyl, or 
(Ci-4 alkylX)-2 aminomethyl; 

R12 and Rl3 are each independently hydrogen, methyl, hydroxymethyl, or 
fluoromethyl; and 

25 r9 and RlO are each independently hydroxy, OCH2CH2SC(=0)Ci-4 alkyl, 

OCH20(C=0)OCi-4 alkyl, NHCHMeC02Me, OCH(Ci-4 alkyl)0(C=O)Ci-4 alkyl, 

0(CH2)9CH3 OCO(CH2)i4CH3 . 

with the provisos that (a) when Rl is hydrogen, one of R3 and R4 is hydrogen, and R2 
is fluoro, then the other of R3 and R4 is not hydrogen, halogen, azido, trifluoromethyl, 
30 Ci-4 alkyl, amino, C1-4 alkylamino, di(Ci-4 jdkyl)amino, or Cuo alkoxy; (b) when 
Rl is hydrogen, one of R3 and R4 is hydrogen, and R2 is halogen, hydroxy, Ci.6 
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alkoxy, or C2-6 alkenyloxy, then the other of R3 and R4 is not hydrogen, fluoro, or 
azido; and (c) when Rl and R3 are hydrogen and R2 is hydroxy, then R4 is not 
hydroxy. 

In one embodiment of the present invention is the method of inhibiting 
RNA-dependent RNA viral polymerase, inhibiting RNA-dependent viral repUcation, 
and/or treating RNA-dependent RNA viral infection with a compound of stractural 
formula n which is of the stereochemical configuration: 




(10 



wherein B is 



N W N^N^R^ ' 

10 . 

D is N, CH, C-CN, C-NO2, C-C1.3 alkyl, C-NHCONH2, C-CONRHrH, 
C-CSNRllRll, C-COORll, C-hydroxy, C-Ci«3 alkoxy, C-amino, C-Cl-4 
alkylamino, C"di(Ci-4 alkyl)amino, C-halogen, C-(l,3-oxazoI-2-ylX C-(l,3-thiazol-2- 
yl), or C-(imidazol-2-yl); wherein alkyl is unsubstituted or substituted with one to 
15 three groups independently selected from halogen, amino, hydroxy, carboxy, and 
Ci-3 alkoxy; 

EisNorC-R5; 
WisOorS; 

Y is H, Ci-io alkylcarbonyl, P3O9H4, or P(O)R9r10;- 
20 Rl is hydrogen, CF3, or C1-4 alkyl and one of R2 and R3 is OH or CI-4 alkoxy and 
the other of R2 and R3 is selected from the group consisting of 

hydrogen, 

hydroxy. 
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halogen, 
C1.3 alkyl. ' 

tiifluoromethyl, 
Ci-4 alkoxy, 
5 Ci-4 alkylthio, 

Ci-8 alkylcarbonyloxy, 

aryloxycarbbnyl, 

azido. 

amino, 

10 Ci-4 alkylamino, and 

di(Ci-4 aIkyI)aimno; or 
R2 is hydrogen, CF3, or C1-4 alkyl and one of Rl and R3 is OH or C1-4 alkoxy and 
the other of Rl and R3 is selected from the group consisting of 
hydrogen, 
15 hydroxy, 

fluorp, f 
Ci^ alkyl, 

trifluoromethyl, 
Ci-4 alkoxy, 
20 Ci-4 alkylthio, 

Cilg alkylcart)onyloxy, 

- azido, 
amino, 

C 1-4 alkylamino, and _ . 

25 di(Cm alkyl)amino; or 

Rl and R2 together with the carbon atom to which they are attached form a 3- to 6- 
membered saturated monocyclic ring system optionally containing a heteroatom 
selected from O, S, and NCq^ alkyl; 

R4 and R6 are each independently H, OH, SH, NH2, Ci-4 alkylamino, di(Ci-4 
30 alkyl)amino, C3^ cycloalkylamino, halogen, Ci^ alkyl, C1-4 alkoxy, or CF3; 

r5 is H, C1.6 alkyl C2-6 alkenyl, 02-6 allq^yl, C1-4 alkylamino, CF3, or halogen; 
r7 is hydrogen, amino, C1-4 alkylamino, C3-6 cycloalkylamino, op 
di(Ci^ alkyl)amino; 

each Rl 1 is independently H or C 1^ alkyl; 
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R8 is H, halogen, CN, carboxy, C1-4 alky]oxycarbonyl, N3, amino, C1-4 alkylamino, 
di(Ci-4 alkyl)aniino, hydroxy, Ci-6 alkoxy, Ci-6 alkylthio, .Ci-6 alkylsulfonyl, or 
(C1.4 alkyl)Q-2 aminomethyl; and 

R9 and RlO are each independently hydroxy, OCH2CH2SC(=0)Ci^ alkyl, or 
5 0CH20(C=O)Ci^ alkyl; 

with the provisos that (a) when Rl is hydrogen, one of R3 and R4 is hydrogen, and R2 
is fluoro, then the other of R3 and R4 is not hydrogen, halogen, trifluoromethyl, C1-4 
alkyl, amino, Ci_4 alkylamino, di(Ci-4 alkyl)amino, or C1-4 alkoxy; (b) when Rl is 
hydrogen, one of R3 and R4 is hydrogen, and R2 is halogen, hydroxy, or Ci-4 alkoxy, 

10 then the other of R3 and R^ is not hydrogen, fluoro, or azido; and (c) when Rl and R3 
are hydrogen and R2 is hydroxy, then R4 is not hydroxy. 

In a second embodiment of the present invention is the method of 
inhibiting RNA-depehdrat RNA viral polymerase, inhibiting RNA-dependent RNA 
viral replication, and/or treating RNA-dependent RNA viral infection with a 

IS compomid of structural fom^ula ID which is of the stereochemical configuration: 



wherein B is 




D is N, CH, C-CN, C-NO2, C-C1.3 alkyl, C-NHCONH2, C-CONRHrH, 
20 C-CSNR11r11, C-COORll, C-hydroxy, C-C1-3 alkoxy, C-amino, C-Ci-4 

alkylamino, C-di(Ci-4 alkyl)amino, C-halogen, C-(l,3-6xazol-2-yl), C-(l,3-thiazol-2- 
yl), or C-(imidazol-2-yl); wherein alkyl is unsubstituted or substituted with one to 
three groups independently selected from halogen, amino, hydroxy, carboxy, and 
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C1.3 alkoxy; 
W is O or S; 

Y is H,.Cmo alkylcarbonyl, P3O9H4, P2O6H3, or P(O)R9r10; 
Rl is hydrogen, CF3, or Cm alkyl and one of R2 and R3 is OH or C1-4 alkoxy and 
5 the other of R2 and R3 is selected from the group consisting of 
hydrogen, 
hydroxy, 
fluoro, 
C1.3 alkyl, 
10 trifluoromethyl, 

Ci-g alkylcarbonyloxy, 

Ci-S alkoxy, and 
aniino; or 

R2 is hydrogen, CF3, or Ci-4 alkyl and one of Rl and R3 is OH or Ci4 alkoxy and 
15 the other of Rl and R3 is selected from the groiqp consisting of 

hydrogen, \ 

hydroxy, , 

fluoro, 

C1.3 alkyl,. 
20 trifluoromethyl, 

Ci-8 alkylcarbonyloxy, 

Ci-3 alkoxy, and 

amino; or 

Rl and R2 together with the carbon atom to which they are attached form a 3- to 6- 
25 membered saturated monocyclic ring system optionally containing a heteroatom 
selected from O, S, and NCO-4 alkyl; 

r6 is H, OH, SH, NH2, Ci-4 alkylamino, di(Ci-4 alkyl)araino, 
C3_6 cycloalkylamino, halogen, C1-4 alkyl, Cl-4 alkoxy, or CF3; 
R5 is H, Ci-6 alkyl, C2.6 alkenyl, C2-6 alkynyl, Ci^ alkylamino, CF3, or halogen; 
30 R7 is hydrogen, amino, Cm alkylamino, C3.6 cycloalkylamino. or 
di(CM alkyl)amino; 

each Rl 1 is independently H or C 1^6 alkyl; 
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R8 is H, halogen, CN, carboxy, C1-4 alkyloxycarbonyl, N3, amino, C1-4 alkylamino 
di(Ci-4 alkyl)amino, hydroxy, Ci-g alkoxy, Ci-6 alkylthio, Ci-g alkylsulfonyl, or 
(Ci-4 aIkyl)0-2 aminomethyl; and 

R9 and RlO are each independendy hydroxy, OCH2CH2SC(=0)t-butyl, or 
5 0CH20(C=0)iPr; 

with the provisos that (a) when Rl is hydrogen and R2 is fluoro, then R3 is not 
hydrogen, trifluoromethyl, fluoro, Ci-3 alky], amino, or C1-3 alkoxy; (b) when Rl is 
hydrogen and R2 is fluoro, hydroxy, or C1-3 alkoxy, then R3 is not hydrogen or 
fluoro; and (c) when Rl is hydrogen and R2 is hydroxy, then R3 is not p-hydroxy. 
10 In a class of this embodiment is the method of inhibiting RNA- 

dependent RNA viral polymerase, inhibiting RNA-dependent RNA viral replication, 
and/or treating RNA-dependent RNA viral infection with a compound of structural 
formula in wherein B is 




15 and W, Y, and the R substituents are as defined under this second embodiment. 

In a second class of this embodiment is the method of inhibiting RNA 
dependent RNA viral polymerase, inhibiting RNA-dependent RNA viral replication, 
and/or treating RNA-dependent RNA viral infection with a compound of structural 
formula HI wherein B is 




and Y, D, and the R substituents are as defined under this second embodiment 

In a third embodiment of the present invention, the RNA-dependent 
RNA viral polymerase is a positive-sense single-stranded RNA-dependent RNA viral 
polymerase. In a class of this embodiment, the positive-sense single-stranded RNA- 
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dependent RNA viral polymerase is a Flaviviridae viral polymerase or a 
Picomaviridae viral polymerase. In a subclass of this class, the Picomaviridae viral 
polymerase is rhinovirus polymerase, poliovirus polymerase, or hepatitis A virus 
polymerase. In a second subclass of this class, the Flaviviridae viral polymerase is 
5 selected from the group consisting of hepatitis C virus polymerase, yellov^^ fever virus 
polymerase, dengue virus polymerase. West Nile virus polymerase, Japanese 
encephalitis virus polymerase, Banzi virus polymerase, and bovine viral diarrhea virus 
(B VDV) polymerase. In a subclass of this subclass, the Flaviviridae viral polymerase 
is hepatitis C virus polymerase. 

10 In a fourth embodiment of the present invention, the RNA-dependent 

RNA viral replication is a positive-sense single-stranded RNA-dependent RNA viral 
replication. In a class of this embodinaent, the positive-sense singje-stranded RNA- 
dependent RNA viral replication is Flaviviridae viral replication or Picomaviridae 
viral replication. In a subclass of this class, the Picomaviridae viral replication is 

15 riiinovirus replication, poliovirus replication, or hepatitis A virus replication. Jn a 
second subclass of this class^ the Flaviviridae viral replication is selected from the 
group consisting of hepatitis t virus replication, yellow fever virus replication, 
dengue virus replication. West Nile virus replication, Japanese encephalitis virus 
replication, Banzi virus replication, and bovine viral diarrhea virus replication. In a 

20 subclass of this subclass, the Flaviviridae viral replication is hepatitis C virus 
replication. 

In a fifth embodiment of the present invention, the RNA-dependent 
RNA viral infection is a positive-sense single-stranded RNA-dependent viral 
infection. In a class of this embodiment, the positive-sense single-stranded RNA- 

25 dependent RNA viral infection is Flaviviridae viral infection or Picomaviridae viral 
infection. In a subclass of this class, the Picomaviridae viral infection is rhinovirus 
infection, poliovirus infection, or hepatitis A virus infection. In a second subclass of 
this class, the Flaviviridae viral infection is selected from the group consisting of 
hepatitis C vims infection, yellow fever virus infection, dengue virus infection, West 

30 Nile virus infection, Japanese encephalitis virus infection, Banzi virus infection, and 
bovine viral diarrhea virus infection. In a subclass of this subclass, the Flaviviridae 
viral infection is hepatitis C virus infection. 

Illustrative of the invention is a method for inhibiting RNA-dependent 
RNA viral polymerase, inhibiting RNA-dependent RNA viral replication, and/or 

35 treating RNA-dependent RNA viral infection wherein the compound is selected from: 
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2'-0-methyl-cytidine, 
2'-C-methyl-cytidiiie, 
3'^'-di"0-octanoyl-2*-0-inethy]-cytidine, 
3*-0-octanoyl-2'-0-iiiethyl-cytidine, 
5 2'-C-methyl-adenosine, 

. 8-amino-2'-C-methyladenosine, 

4-amno-7-(2-C-methyl-p-D-ribofui^osyl)-7//-pyn*olo[23-4pyri 
carbonitrile, 

4-amino-7-(2-C-methyl-p-D-ribofuranosyl)-7fl-pyrrolo[23-d]pyri^ 
10 carboxamide, 

3'-deoxy-3'-methyl-cytidine, 

4-ainino-7-(3-deoxy-3-methyl-P-D-ribofuranosyl>7fl-pyrro 
d]pyriii)idin-5-caiboxaniide, 
3*-deoxy-adenosine, 
15 4-amino-7-(3-deoxy-P-D-ribofuranosyl)-7//-pyrroIo[23-d]pyrim 

4-amino-7-(3-deoxy^p-D-ribofuranosyl)-7i/-pyirolo[23-4pyj^ 
carboxamide, 

3 *-ainirio-3 ' -deoxyadeiiosine, 

2-aniino-3,4-dihydro-4-oxcK7KP-D-ribofuranosyl)-7//-pyrrolo[2,3- 
20 dJpyrimidin-S-caiboxanude, 

4-aimno-7-(P-D-ribofuianosyI)-7iy-pyrro 

2-amino-3,4-dihydro-4-oxo-7-(P-D-ribofuranosyl>7H-^ 

cQpyriiiiidin-5-carbonitiile, 

2-aimno-5-^thyl-7-(P-D-ribofuranosyl)-7H-pynolo[23-d^ 
25 one, 

6-amino-l-(P-D-ribofuranosyl)-ljy-iiiudazo[4,5-c]pyri^ 
. 3'-deoxyguanosine, 

2-amino-7K3-deoxy-P-D-ribofuranosyl)-7/f-pyn'oloi23-4pyrinu 
one, 

30 2'-0-methylguanosine, 

2-ainino-7-(2-0-methyl-P-D-ribofui:OTosyl)-7H^^ 
4(3fl)-one, 

2-amino-7-(2-0-methyl-P-D-ribofuranosyl)-5H-pyrrolo[3,2-rf^^ 
4(3J0-one, 

35 7-(2-0-methyl-p"D-ribofuranosyI)-7H-pyiTolo[23-d]pyrimidine, 
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S'-deoxycytidine, 

2-amino-5-methyl-7-<p-l>ribofuranosyl)-7H-pyn^ 
one, 

2-amino-3,4-dihydro-4K>xo-7K2-0-methyl-P-D-ribofu^ 
5 [2,3-^pyrimidin-5^arbonitrile, 

2-amino-5-melhyl-7-(2-0-methyl-P-D-ribofuranosyl>7i/-pyCT^^ 

d]pyrimidin-4(3fl)-one, 

8-azidoguanosine, 

8-aminoguanosine, 
10 S-bromoadenosine, 

S-aminoadenosine/ 

8-bromoguanosine, 

3'-deoxy-3'-fluorocytidine, 

3'-deoxy-3'-fluoioguanosine, 
15 4-amino-7-(3-deoxy-3-fluoro-P-D-ribofiuanosyI>7fl^^^ 

5-carboxamide, j . 

2-amino-4-chloro-7-^-0-methyl-P-D-riboftiranosyl)-7^^^ 
d]pyrimidin-5-carbonitrile, 

2-aniino-4-chloro-5-ethyl-7-(2-0-methyl-p-D-ribofuranosyl)-7ff-pyTO^ 
20 . d]pyriinidine, 

2-amino-4-chloro-5-methyl-«7-(2-0-methyl-P-D-ribofuranosyl)-7H^^ 
[2,3-d]pyriinidine, 

2-amino-7-(2-0-methyl-P-D-ribofuranosyl>7J7-pym 
4(3fl)-thione, 

25 2-amino-4-cMoro-7-(2-<7-methyl-P-D-ribofuranosyI>7^-pyrro . 

djpyrimidine, 

2-arnino-7-(p-D-ribofuranosyl>7H-pyrTolo[23-i/]pyri^ 
2-amino-4-chloro-7-(P-D-ribofuranosyl)-7H-pyTrolo[23-^i]pyrim 
2-ainino-4-chIoro-5-methyl-7-(P-D-ribofuranosyl)-7//-pytrolo[2,3- 
30 rfjpyriinidine, 

1- (P-I>ribofiiranosyl)-lJ/-pyra2olo[3,4-d]pyriiiu 
4-amino-HP-D-ribofiuBnosyl>lJ?-pyrazoIo[3,4r4py^ 

2- amino^6-cMoro-9-(P-D-riboftmmosyl>9ff"pm^ 
2-aininc)-4-chloro-7-(P-D-ribofuranosyl>7i?-pyn-olo[23.d]py^ 

35 carbonitrile, 
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6-methyI-9-(3.I>ribofuranosyl)-9H-purine, 

2-amino-7K2-deoxy-2-fluoro-p-I>aiabmofur^ 

d]pyrimidin-4(3/0-one, 

2-ammo-4-chloro-7-(2-deoxy-2-fluoro-P-D-arabinoft^ 
5 cnpyrimidine, 

2-aminc>-7-(p-D-arabinofuranosyl)-7^r-pyn'olo[2,3-^pyrimidin-^ 

2-ainino-7-(p-D-arabinofiiranosyl)-3,4-^hydro-4-oxo-7if-pyiToIo[2,3- 
cQpyriimdin-S-carbonitrile, 

2-aimno-5-inethyl-7-(P-D.arabinoftiranosyl)-7/?-pyCT^^ 
10 4(3J?>one, 

9-(P-D-arabinofiii:anosyl>9i?-purin-^(l/^ 

1 - (p-D-arabinofiiranosyl)- 1 flf-cytosine, 

2- amino-4K:hlQro-5-nie%l-7-(P-D-arabinofi^ 
cOpyrimidine, 

.15 3'-deoxy-3*-(fluoromethy])-guanosine, 
2'-amiiio-2'-deoxyc^dine, 

4-amiiio-7K3-deoxy^P»D-ribofuranosyl>7H-i^^ 
carbonitrile, 

2*-0-methyIadenosine, 
20 . '^ainino-K2-0-me%l-p.D-ribofuranosyl)-7H^^ 
3*-amino-3*-deoxy-2'-(?-methy^adenosine, 
3'-deoxy-3'-methyl-uridine, 

6-amino-l-(3~deoxy-P-D-ribofuranosyl)-l^r-imidazo[4,5-^^^ 

6-aniino-l-(3Kleoxy-3-fIuoro-P-D-ribofuranosyl)-l/y-imidazo[4,^^^^ 
25 ■ 4(3fl)-one, 

3 '-deoxy-3 ' -fluorouridine, 

3'-deoxy-3'-fluoroadenosine, . 

2-anuno-7K2-deoxy-P-D-ribofuranosyl)-3,4-dihydro-4-oxo-7fi^^ 
d]- pyrimidin-S-carbonitrile, 
30 3'-deoxy-5-niethyI-uridine, 

3*"deoxy-2'-0-(2-methoxyethyl)-3'-methyl.5-methyluridine, 
2'-amino-2'Kieoxy-uridine, 

2-aminc>-9-(P-D-arabinofuranosyl)-9//-"purin-6(lfl>one, 
3'-deoxy-3'-inethylguanosine, 
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2'-0-[4-(iinidazolyH)butyl]guanosine, 
2*-deoxy-2'-fluoroguanosine, 
. 2'-deoxyguanosine, 

2-amino-7-(2-deoxy-2-fluoro-P-D-ribofuranosyl)-7H-p5^ 
5 4(3/?)-one, 

2-amino-7-(3-deoxy-P-D-ribofuranosyl>3,4-dihydro-4-oxo-7H-py^ 
d]pyrimidin-5-carbonitrile, 

2-ainino-5-iodo-7-(P-D-ribofuranosyl)-7jtf-pyn:olo[23-d]pyriniid 
one, 

10 * 2-amino-7-(3-deoxy-3-methyI-P-D-ribofuranosyl)-7H-p^^ 
d]pyriinidin-S-carbohitiile, 

2"ammo-7-(P-D-ribofui^osyl>7ff-pyrrolo[2,3-d]pyi^ 

2-aminp-7K2-^oxy-P-D-ribofuranosyl)-71f-pyiTolo[23-d]p 

one, 

15 2-amino-7-(3-deoxy-3-methyl-P-D-riboftu:anosyl>7iy-pyiTolo[2,3- 
^i]pyrimidin-4(3/0-ope, 

2-aniino-7K3-deoxy-3-fluoro-P-D-ribofiu:anosyl)-7i/-pyrrolo[23-<^ 
4(3i0-one, 

6-amino-l-(2-0-methyl-P-D-riboftiranosyl)-lH-imida2o[4,5-c]pyri 
20 one, 

6-anuno-l-(2-^eoxy-P-D-ribofuran6syl)-li/-inudazo[4,5-c]py^ 
6-amino- 1 -(3-deoxy-3-methyl-P-D-ribofiirainosyl)- l//-inudazo[4,5^^ 
4(5fl)-one, 

6-amino-l-(2-deoxy-2-fluoro-P-D-ribofuranosyl)-lH-iniidazo[4,5-c]pyri 
25 4(5ii)-one, 

6-amino-l-(P-D-arabinofuranosyl)-l/3r-imidazo[4,5-c]pyridin-4(5fl^ 

2'-0-[2-(A^,iV-diethylaminooxy)ethyl]-5-inethyluridine, 

5-ethynyl-2*-0-(2-inethoxyethyl)-cytidine, 

1- (2-C-methyl-P-D-arabinofuranosyl)uracil, 
30 5-methyl-3'-deoxycytidine, 

2- amino-2' -O-methyladenosine, 
2*-deoxy-2'-fluoroadenosine, 
3'-deoxy-3'-fluoroadenosine, 
3'-deoxy-3'-methyladenosine, 

35 2-aniino-7-(2-deoxy-P-D-ribofuranosyl>7J^-pyrrolo[2,3-ci]pyrinu 
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4- aminc)-7-(3Kleoxy-3-fluoro-P-D-ribofuranosyl)-7H-pyrrolo[23-d]p 

5- carboxamicle, 

4-ainino-7-(3-deoxy-p-D-riboluranosyl)-7ir-p^^ 
carboxamide, 

5 4-amino-7-(2-0-jtnethyl-p-D-ribofuranosyl)-7H-pyrrolo[2 
4-amin(>-7-(^D.arabinofuranosyl)-7ff-pym)^ 
4-ainin(>l-(3-deoxy-3-fluoro-p-D-ribofuranosyl)-lf^imi^ 
4-amino-7-(P-D-ribofuranosyl>7J^-pyirolo[23-d]pyrimidine(^^ 
4,6-diainino-7-(P-D-ribofuranosyl)-7H-pyrrolo[23-^i]pyrimidine, 
10 2-amin<>7-(3-deoxy-3-fluorc>-P-D-ribofuranosyl)-7H-pyirolo-[^ 
d]pyriiriidin-5-carboxamide, 

4-ainino-l-(3-deoxy-P-D-ribofuranosyl)-l/f-imida2o[4,5-c]py^ 
4-ainino-l-(3-deoxy-3-methyl-p-D-ribofuranosyl>li/-iim 
4-amino-l-(P-D-ribofi!ranosyl)-lH-iinidazo[4,5-c]pyri 
15 4.amino-l-(2-C-methyl-P-D-ribofiu:anosyl>lH-pyr^ 

4-amino-7-(3-deoxy-p-fluora-P-D-ribofuranosylH^^^ 
d]pyriinidine; and 

the corresponding 5'-triphosphates, 5'- 

[bis(isopropyloxycarbonyloxymethyl)]monophosphates,5*-mono-{S-Ci^ 
20 alkanoyl-2-thioethyl)monophosphates, and 5*-bis-(S-Ci-4 alkanoyl-2- 

thioethyl)monophosphates thereof; 
or a pharmaceutically acceptable salt thereof. 

Further illustrative of the invention is a method for inhibiting RNA- 
dependent RNA viral polymerase, inhibiting RNA-dependent RNA viral replication, 
25 and/or treating RNA-dependent RNA viral infection wherein die compound is 
. selected from: 

2'-0-methyl-cytidine, 
2'-C-methyl-cytidine, 
3',5'-di-0-octanoyl-2'-O-methyl-cytidine, 
30 3'-0-octanoyl-2'-0-methyl-cytidine, 

4-amino-l-(p-D-ribofuranosyl>-l//-pyrazolo[3,4-rflpyrimidine, 

4-anuno-7-(2-C-methyl-p-I>ribofiiranosyl)-7H-pyrrolo[2,3-^^ 

carbonitrile, 
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4-amino-7-(2-C-methyl-p-D-ribofijranosyl)-7H-pyiTolo[2,3-i/]py^ 
carboxamide, 
2*-C-methyladenosine, 
8-aniino-2*-C-inethyladenosine, 
5 3*-deoxy-3'-methyl-cytidine, 

4-ajmino-7-(3-dMxy-3-methyl-P-D-ribofuranosyI)-^^^ 

tf|pyrimidin-5-carboxaiiiide, 

3 ' -deoxyadenosine, 

4-amino-7-(3-deoxy-P-D-ribofui^osy]>7^?-pyrTo]o[23-/i]p^ 
10 4-amino-7-(3-deoxy-p-D-ribofuranosyl)-7/^pyiT^^^ 
carboxamide, 

3*-aimno-3'-deoxyadenosine, 
2-an3dno-3,4-dihydn)-4-oxo-7-(p.D-^ 
4pyrimidin-5-caiboxamide, 
15 4-amino-7-(p-D-ribofuranosyl)-7H-pyTO 

2-amino-3,4-dihydfcH^oxo-7-(P-D-ribofuranosyl^^ 
^/jpyrimidin-S-carboifiitrile, 

2-amino-5-ethyl-7-(P-D-ribofuranosyl)-7H-pyr^ 
one, . 

20 6-amino-l-(P-D-ribofuranosyl)-lF-imidazo[4,5-c]pyridin-4(5iS0-^^ 
3 ' -deoxyguanosine, 

2-amino-7-(3-Jeoxy-P-D-ribofuranosyl)-7^-pyn'oloI23-fi^^ 
one, 

2'-0-methylguanosine, 

25 2-amino-7K2-0-methyKP-D-ribofuranosyl>7/f-pyr^^ 
4(3i?>one, 

2-amino-7-(2-0-methyl«P-I>-ribofuranosyl>5H-pyTO^ 
(3/0-one, 

7-(2-(9-niethyl-P-D-ribofuranosyl)-7/?-pyn-olo[2,3-^pyri 
30 3'-deoxy-<:ytidine, 

2-amino-5-methyI-7-(P-D-ribofuranosyI)-7/f-pyn:olo[2,3-d]pyri 
one, 

2-aniino-3,4-dihydro-4-oxo-7-(2-0-me%l-p-D.ribofuranosyl)-7^^^ 
[2,3-d3pyriinidine-5-carbonitrile, 
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2-amino-5-methyI-7-(2-(>-methyl-P-I>.ribofuranosyO^^ 
d]pyrimidin-4(3fl>one, 
8-azidoguanosine, 
S-aminoguanosine, 
5 8-bromoadenosine, 
8-aminoadenosine, 
S-bromoguanosine, 
3'-deoxy-3'-fluorocytidine, 
3*-deoxy-3'-fluoroguanosine, 
10 4-amino-7K3-deoxy-3-fluoro-P-D-ribofuranosyl>7H"pyn^^ 
pyrimidin-S-carboxamide, 

2-aimno-4-chloro-7-(2-0-methyl-P-D.ribofuranosyl>7H^ 
41pyriinidin-5-carbonitrile, 

2-aininc>-4-chloro-5-ethyl-7-(2-0-methyl.p.D-ri 
15 d] pyrimidine, 

2-amincH4-cWoro-5-me%l-7-(2-0-methyl-P-D-ri^ 
[2,3-^pyrimidine, • • 

2-ainin(>4-chloro-7-(P-D-ribofuranosyl)-7H-pyirolo[^^^^ 
20 2-aimno-4-chloro-5-me%l-7"(P-D-ribofuranosyl>7£^p^^ 
rfjpyrimidine, 

2-ainino-7-(2-deoxy-2-fluoro-P-D-arabmofuran6syl>7ff^ 
iflpyrijiiidin-4(3/0-one, 

4-amino-l-(2-C-methyl-p.D-ribofiiranosyl)-lJy-^^ 

25 2-ainino-7-(P-D-arabinofuranosyl)-7ia^-pyirolo[23-d]pyrimidin-^ 
and 

2-amino-7-(p-I>arabinofuranosyl)-3,4-dihydro-4-oxo-7i?-py^^ 

dJpyrimidin-5-caibonitrile; and 

the corresponding 5'-triphosphates; 5'- 

30 [bis(isGpropyloxycarbonyloxymethyl)]monophosphates,5'-mono-(S-pivd 
2-thioethyl)nionophosphates, and 5'-bis-(S-pivaloyl-2- 
thioethyl)monophosphates thereof; 
or a pharmaceutically acceptable salt thereof. 
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Even further illustrative of the present invention is a method for 
inhibiting RNA-dependent RNA viral polymerase, inhibiting KNA-dependent RNA 
viral replication, and/or treating RNA-dependent RNA viral infection wherein the 
compound is selected from 
5 2''-0-methyl-cytidine, ^ 

2'-C-methyl-cytidine, 
3\5'-di-0-octanoyl-2^0-methyl-cytidine, 
3'-0-octanoyl-2'-0-methyl-cytidine, 

4-amino-l-(P-D-ribofuranosyl>lJ?-pyrazoIo[3,4-^flpyrimidine, 

10 4-amino-7-(2-C-methyl-P-D-ribofuranosylH^^-py^^ 
carbonitrile,. 

4-amino-7-(2-C-mediyl-P-D-iibofuranosyl>7H-pyi^ 
caiboxamide, 
2'-C-methyladenosine, 
15 8-amino-2'-C-methyladenosine, 
8-brornoguanosine, \ 
8-aminoguanosine, 
8-aminoadenosine, 

4-aniino-7-(3-deoxy-P-D-ribofuranosyl)-7/f-pyrrolo[2,3-d]pyrimi^ 
20 2-amino-4-chloro-5-ethyl-7-(2-0-methyl-P-D-iibofi^ [2,3- 

d\ pyrimidine, 

2-amino-3,4-dihydro-4-oxo-7-0-D-ribofuranosyl>7i?-pyrrolo[2,3- 
^f|pyrimidin-5-carboxamide, 

'4-amino-l«(2-C-methyI-P-D-ribofiiranosyl>liy-pyrazolo[3,4-^py^ 
25 2-amino-4-chloro-7-(2-0-methyl"P-D-ribofuranosyl)-7fl-pyrrolo[2,3- 
d]pyrimidin-5-carbonitrile; 
and the corresponding 5 ' -triphosphates thereof; 

2'-0-raethylcytidine-5'-[bis-(S-pivaloyl-2"thioethyl)phosphate], 
2-amino-7K3-deoxy-P-D-ribofuranosyl)-3,4-dihydro-4-oxo-7H-pyrrolo[2, 
30 d]pyrimidine-5'-[bis-(5-pivaloyl-2-fliioethyl)ph.osphate], 

3*-deoxyguanosine-5*"[bis-(5-pivaloyl-2-thioethyl)phosphate],and 
3'-deoxycytidine-5'-[bis-(5-pivaIoyl-2-thioethyl)phosphate]; 
or a pharmaceutically acceptable salt thereof. 

Yet further illustrative of the invention is a method for inhibiting 
35 RNA-dependent RNA viral polymerase, inhibiting RNA-dependent RNA viral 
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replication, and/or treating RNA-dependent RNA viral infection wher^n the 
coinpound is selected from: 

2'-0-methylcytidine, 

2'-C-methylcytidine, 
5 3*,5'-di-0-octanoyl-2'-0-methyl-cytidine, 

3'-0-octanoyl-2'-d-methyl-cytidine, 

4-amino.7-(2-C.methyl-p.D-ribofuranosyl).7^^^ 
carbonitrile, 

4.aniino-7.(2.C-methy].p.D«ribofuranosyl^^^ 
10 carboxamide, 

2'-C-methyladenosine, 

8-amino-2'-C-methyladenosine, 

2'-0-methylcytidine-5^[bis<5-pivaloyl-2-thioethyl)phosph^ 
2-aniino-7K3-deoxy-P-D-ribofuranosyl)-3,4-dihydro-4-ox^^ 
15 . flpyrimicUne-5'-[bis-(5-pivaloyl-2-thioethyl^^^ 

3'-Kieoxyc)tidine-5*-jbisK5-pivaloyl.2.thioethyI^^^ 
or a pharmaceutically acceptable salt thereof. 

The present invention also provides novel compounds of structural 
fomula IV of the indicated stereochemical configuration which are useful as 
20 inhibitors of RNA-dependent RNA vkal polymerase: 




(IV) 

vi^herein B is selected bom the group consisting of 
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A, G, and L are each independently CH or N; 

D is N, CH, C-CN, C-.NO2, C-C1.3 alkyl, C-NHCONH2, C-CONRl iRl 1, 
C-CSNRllRll, C-COORll, C-hydraxy, C-Ci«3 alkoxy] C-amino, C-Ci^ 
5 alkylaniino, C-di(Ci^ alkyi^amino, C-halogen, C-(l,3-oxa2ol-2-yl), C-(l,3-thiazol-2- 
yl), or C-(imidazol-2-yl); wiferein alfc^ is unsubstituted or substituted with one to 
thiee groiq)s indq)endently selected from halogen, amino, hydroxy, carboxy, and 
Ci-salkoxy; 

EisNorCRS; 
10 WisOorS; 

Rl is hydrogen, C2^ alkenyl, C2-4 alkynyl, or C1-4 alkyl optionally substituted with 
amino, hydroxy, or 1 to 3 fluorine atoms and one of R2 and R3 is hydroxy or Ci^ 
alkoxy and the other of R2 and R3 is selected from the group consisting of 
hydrogen, 
15 hydroxy, 
halogen, 

Ci-4 alkyl, optionally substituted with 1 to 3 fluorine atoms, 

Ci-io alkoxy, optionally substituted with C1-.3 alkoxy or 1 to 3 fluorine 

atoms, 

20 C2.6 alkenyloxy, 

Ci^ alkylthio, - 

Ci-8 alkylcarbonyloxy, 

aryloxycarbonyl. 
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azido, 

amino, * 

Ci-4 alkylamino, and 

di(Ci»4 alkyl)amino; or 
5 R2 is hydrogen, C2-4 alkenyl, C2-4 alkynyl, or Ci^ alkyl optionally substituted with 
. amino, hydroxy, or 1 to 3 fluorine atoms and one of Rl and r3 is hydroxy or C1-4 
alkoxy and the other of Rl and R3 is selected jfrom the group consisting of 

hydrogen, 

hydroxy, 
10 halogen, 

Ci^ alkyl, optionally substituted with 1 to 3 fluorine atoms, 

Ci-10 alkoxy, optionally substituted with hydroxy, C1.3 alkoxy, carboxy, or 1 

to 3 fluorine atoms, 

C2-6 alkenyloxy, 
15 Ci-4 alkylthio. 

Ci-8 alkylcarbpnylaky, 

aryloxycarbonyl, t ' , 

azido, 

anMno, 

20 Ci-4 alkylamino, and 

di(Ci-4 alkyl)amino; or 

Rl and R2 together with the caibon atom to which they are attached fomi a 3- to fr- 

membered saturated monocyclic ring system optionally containing a heteroatom 

selected from O, S, and NCo^ alkyl; 
25 R4 and R6 are each independently H, OH, SH. NH2, Ci^ alkylamino, di(Ci^ 

alkyl)aniino, C3-6 cycloalkylamino, halogen, Ci^ alkyl, Ci^ alkoxy, or CF3; 

R5 is H, C1.6 alkyl, C2-6 alkenyl, C2^ alkynyl, Ci^ alkylamino, CF3, or halogen; 

Rl4 is H, CF3, Ci^ alkyl, amino. C1-4 alkylamino, C3.6 cycloalkylamino, or 

di(Ci-4 alkyl)amino; 
30 R7 is hydrogen, amino, C1-4 allqrlamino, C3.6 cycloalkylaxnino, or 

di(Ci^ alkyl)amino; 

each Rl 1 is independently H or Ci^g alkyl; 

R8 is H, halogen, CN, carboxy. Cm alkyloxycarbonyl, N3, amino, Ci^ alkylamino, 
di(Ci^ alkyl)amino, hydroxy, Ci^ alkoxy, C1.6 alkylthio, Ci^ alkylsulfonyl, or 
35 (Ci^ alkyl)o.2 aminomethyl; 
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Rl2 and Rl3 are each independently hydrogen or methyl; and 

R9 and RlO are each independently hydroxy, OCH2CH2SC(=0)Ci-4 alkyl, 

OCH20(C=0)OCi-4 alkyl, NHCHMeC02Me, 0CH(Ci-4 alIqrl)0(C=0)Ci-4 alkyl, 

Ao'''^Y^S(CH2),,CH3 ^O^V^S(CH2),7CH3 
0(CH2)9CH3 °f OCO(CH2),4CH3 

5 provided that at least one of R9 and RlO is not hydroxy. 

The compounds of formnla IV are also inhibitors of RNA-dependent 
RNA viral replication and are useful for flie treatment of RNA-dependent RNA viral 
infection. 

In one anbodiraait, Aere are provided novel compounds of struchiral 
10 formula V which are ofthe stereochemical configuration: 




(V) 



wherein B is 



R" 



6 



or 




D is N, CH, C-CN, C-N02, C-C1.3 alkyl, C-NHCONH2, C-CX)NRl iRl 1, 
15 C-CSNRllRll, C-COORll, C-hydroxy, C-C1.3 alkoxy,' C-amino, C<:m 

alkyiamino, C-di(Ci^ alkyl)amino. C-haJogen, C-(13-oxazol-2-yl), C-(l,3-thiazol-2- 
yl), or C-(imidazol-2-yl); wherein alkyl is unsubstituted or substituted with one to 
three groups independently selected fipom halogen, amino, hydroxy, carboxy, and 
Ci_3 alkoxy; 

20 WisOoi-S; 
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EisNorC-R5; 

Rl is hydrogen, C2^ alkenyl, C2A alkynyl, or Ci^ alkyl optionally substituted with 
amino, hydroxy, or 1 to 3 fluorine atoms and one of R2 and R3 is hydroxy or 
alkoxy and the other of R2 and R3 is selected from the group consisting of 
5 hydrogen, 
hydroxy, 
halogen, 
Ci.3 alkyl, 
trifluoiomethyl, 
10 Ci^ alkoxy, 

Ci-4 aikylthio, 

Ci-8 alkylcaibonyloxy, 

aiyloxycarbonyl, 

azido, 

15 amino, 

Ci^ alkylamino, and 

di(Ci-4 aIkyI)amino^ or 
R2 is hydrogen, C2-4 alkenyl, C2-4 alkynyl, or Cm alkyl optionaUy substituted with 
amino, hydroxy, or 1 to 3 fluorine atoms and one of Rl and R3 is hydroxy or Ci-4 
20 alkoxy and the other of Rl and R3 is selected from the group consisting of 

hydrogen, 

hydroxy, 

fluoro. 

Cm alkyl, 

25 trifluoromethyl, 
Ci-4 alkoxy, 
CMalkylthio, 
Ci-8 alkylcarbonyloxy, 
azido, 

30 amino. 

Cm alkylamino, and 
di(CM aIkyl)aniino; or 
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Rl and R2 together with the carbon atom to which they are attached fonn a 3- to 6- 
membered saturated monocycKc ring sj^tem optionally containing a heteroatom 
selected ftpm O, S, and NCa4 alkyl; 

R4 and R6 are each independently H, OH, SH, NH2, Ci^ alkylamino, di(Ci-4 
5- allqrl)aihino, Cs^ cycloalkylamino, halogen, Ci^ alkyl, Ci^ alkoxy, or CF3; 
R5 is H, Ci^ alkyl, C2-6 alkenyl, C2-6 alkynyl, Ci^ alkylamino, CF3, or halogen; 
R7 is hydrogen, amino, Ci^ alkylamino, C3.6 cycloalkylamino, or 
di(Gi-4 all^l)amino; 

each Rl 1 is independently H or Q-g alkyl; 
10 R8 is H, halogen, CN, carboxy. Cm alkyloxycaibonyl, N3, amino, C1I4 alkylamino, 
di(Ci^ alkyl)amino, hydroxy, Ci^ alkoxy, Ci^ alkylthio, Ci^ alkylsulfonyl, or 
(Ci-4 alkyl)o.2 aminomethyl; and 

R9 and RlO are each independently hydroxy, OCH2CH2SC(=OX:i-4 alkyl, or 
0CH20(C=0)Ci^ alkyl, provided that at least one of R9 and RlO is not hydroxy. 
15 In a second embodiment, tiiere are provided novel conqwunds of 

structural formula VL i 




(VI) 



wherein B is 




or 




20 D is N, CH, C-CN, C-NO2, C-C1.3 alkyl, C-NHCONH2, C-CONRl iRl 1, 
. C-CSNRllRll, C-COORll, C-hydroxy, C-C1-3 alkoxy,' C-amino, C-Ci^ 
alkylamino, C-di(Ci-4 alky])amino. C-halogen. C-(l,3-oxazol-2-yl), C-(l,3-thiazol-2- 
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yl), or C-(imida2ol-2-.yl); wherein alkyl is unsubstituted or substituted with one to 
three groups independently selected from halogen, amino, hydroxy, caiboxy, and 
Ci-3 alkoxy; 

WisOorS; 

5 Rl is hydrogen, C2-4 alkenyl, C2A alkynyl, or Cm alkyl optionally substituted with 
amino, hydroxy, or l.to 3 fluorine atoms and one of R2 and R3 is hydroxy or C1-4 
alkoxy and the other of R2 and R3 is selected from the group consisting of 
hydrogen, 
hydroxy, 
10 fluoro, 

C1.3 alkyl, 

trifluoromethyl, 
C1-.3 alkoxy^ 

Ci-8 alkylcarbonyloxy, and . . 
15 amino; or 

R2 is hydrogen, C2A alkenjj, C2-4 alkynyl, or alkyl optionally substituted with 
ammo, hydroxy, or 1 to 3 fliiprine atoms and one of Rl and R3 is hydroxy or Ci^ 
alkoxy and the other of Rl and R3 is selected from the group consisting of 
hydrogen, 
20 hydroxy, 
fluoro^ 
Ci-salkyl, 

trifluoromethyl, 
C1.3 alkoxy, 
25. Ci-8 alkylcarbonyloxy, and 

amino; or 

Rl and R2 together with the carbon atom to which they are attached form a 3- to 6- 

membered saturated monocyclic mg system optionally containing a heteroatom 

selected from 0, S, and NC0-4 alkyl; 
30 R6 is H, OH, SH, NH2, Ci^ alkylamino, di(Ci^ alkyl)amino, 

C3-6 cycloalkylamino, halogen, C1-4 alkyl, Ci^ alkoxy, or CF3; 

R5 is H, C1.6 alkyl, C2^6 alkenyl, C2.6 alkynyl, Ci^ alkylamino, CF3, or halogen; 

R7 is hydrogen, amino, Ci-4 alkylamino, C3-6 cycloalkylamino, or 

di(Ci-4 alkyl)amino; 
35 each Rl 1 is independently H or Ci-g alkyl; 
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10 



.15 



20 



.25 



R8 is H. halogen, CN. caAoxy. Ci^ alkyloxycarbonyl. N3, ainino. Cw alkylamino 
di(CM alkyDamino, hydroxy. Ci^ alkoxy. alkyithio, Ci^ attylsulfonyl. or ' 
(Ci^ alkyl)o-2 aminomethyl; and 

R9 and RlO are each independently hydroxy, OCH2CH2SC(=0)t-butyl, or 
0CH20(C=0)iPr. provided that at least one of R9 and RlO is not hydn^xy. 

. Dlustrative of the novel compounds of structural formula VI of the 
present invention are the following: 

2*-0-methyIcytidine-5'-[bis-(5-pivaloyl-2.thioethyl)phosphate]. 

2-aimno-7-(3-deoxy-P-D-iibofuianosyl>3,4-dihydro-4K)xo-7^^pyrToloI2> 
flpyrimidme-5^[bis-(S-pivaloy]-2-thioethyl)phosphate], 

3*-deoxyguanosine.5'.Cbis-(i^pivaloyi.2.thiofcthyl)phosphate]. 

2^amethylguanoane-5'-[bis-(j.acetyl-2-thioethyl)phosphate]. 

2'-0-methylguanosine-5'-Ibis-(S-pivaloyl-2-thioethyl)phosphalL]. 

8-bromo-2'-0-methylguanosine-5'-[bis-(5-pivaloyl-24hioethyl)phosphate] 
2-anuno-3,4-dihyditK7-(2-0-methyl-P-D-ribofuianosylH-oxo-7^^ 
pyirolo[23-4pyrimi^ne-5'-[bis-(5-pivaIoyl-2-thioethyl)phosphate]. 
2-aimno-5-bromo-7-(3-deoxy-P-D-ribofuranosyl)-3,4-dihydK>^x(l^^^ 
. Py»io^o[23^pyiinridine-5'-tbis-(5-pivaIoyl-2-thioethyl)phosphate]. 
5-biDmo-2':^-methylcytidine-5^[bis-(5.pivaloyl-2-thioethyl)phosphate] 
3'-deoxycytidine-5'-[bis-(5.pivaloyl-2-thioethy])phosphate].and 

,2'-amethyIcytidine-5'.[bis(isopiDpyloxycari>onyloxymethyl)]phosphate. 

The present invention further provides novel compounds of structural 
formula XH of the indicated stereochemical configuration or a pharmaceuticany 
acceptable salt thereof which are useful as inhibitors of RNA-dependent RNA viral 

polymerase: 



R'R" 

(XII) 
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wherein Ra and Rh are each independently selected from the group consisting of 
hydrogen, cyano, azido, halogen, hydroxy, meicapto, amino, Ci^ alkoxy, C2A 
alkenyl, C2-4 alkynyl, and Cm alkyl, wherein alkyl is unsubstituted or substituted 
widi hydroxy, amino, Ci^ alkoxy, Ci^ alkylthio, or one to three fluorine atoms; 
5 Rb is C2r4 alkenyl, C2-4 alkynyl, of Ci^ alkyl, wherein alkyl is unsubstituted or 
substituted with hydroxy, amino, C1-4 alkoxy, Ci^ alkylthio, or one to three fluorine 
atoms; 

Rc is hydrogen, fluorine, hydroxy, meicapto, Ci^ alkoxy, or Ci^ alkyl; or Rb and 
Rc together with the carbon atoin to which they are attached form a 3- to 6-membered 
10 saturated monocyclic ring system optionally contaiiiing a heteroatom selected ftpm O 
. S, and NCo^ alkyl; ' 

Rd is hydrogen, cyano, nitro, C1.3 alkyl, NHCONH2, CONRjRj, CSNRjRj. COORj, 
C(=NH)NH2. hydroxy, C1.3 alkoxy, amino. Cm alkylamino, di(CM alkyl)amino,* 
halogen, (l,3-oxa2ol-2-yl), (l,3-thiazol-2-yl), or (imidazol-2-yI); wherein alkyl is 

15 unsubstituted or substituted with one to three groups indqjendently selected ftom 
" halogeo, amino, hydroxy, caijboxy^ and Ci-3 alkoxy; 
Re and Rf are each indepen^tly hydrogen, hydroxy, halogen, Cm alkoxy. amino, 
Ci^ allqdamino, di(CM alkyI)aniino, C3-6 cycloalkylamino, di(C3^ 
cycloalkyl)amino, or C4.6 cycloheteroalkyl, unsubstituted or substituted with one to 
two groups independentiy selected from halogen, hydroxy, ammo. Cm alkyl, and 
Cm alkoxy; 

Rg is hydrogen. Cm alkyl, C2-4 alkynyl, halogen, cyano, cartwxy, C1-4 
alkyloxycaitonyl, azido, amino. Cm alkylamino, di(CM alkyl)amino, hydroxy, 
C1.6 alkoxy, Ci^ alkylthio, Ci^ alkylsulfonyl, (Cm alkyl)o-2 aminomethyl, or 
25 C4-6 cycloheteroalkyl, unsubstituted or substituted with one to two groups 

independenfly selected from halogen, hydroxy, amino. Cm alkyl, and Cm alkoxy; 
R» is hydrogen, Ci-io alkylcaibonyl, P3O9H4, P2O6H3, or P(0)RmRn; 
each Rj is indq)endently hydrogen or Ci^ alliyi; 

Rk and Rl arc each independently hydrogen, methyl, hydroxymethyl, or fluoromethyl; 
30 and 

Rm and Rn are each independenUy hydroxy, OCH2CH2SC(=0)Cm alkyl, 
0CH20(C=0)0Cm alkyl, NHCHMeC02Me, OCH(Cm alkyl)O(O=0)CM alkyl. 



20 
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0(CH2)9CH3 OCO(CH2)i4CH3 . 

with the proviso that when Ra and Rc are a-hydroxy. Re is amino, Rb is p-methyl and 
Rh is hydrogen or Rh is p-methyl and Rb is hydrogen, and Rf Rg, Ri, Rk and Rl are 
hydrogen, then Rd is not cyano or CONH2. 

The compounds of formula XII. are also inhibitors of RNA-dependent 
RNA viral replication and are useful for the treatment of RNA-dependent RNA viral 
infection. 

In one embodiment of the novel compounds of structural formula XII 
are the compounds of structural formula Xni: 




10 ^ XIII 

wherein Ra is hydrogen, halogen, hydroxy, amino', or C1-3 alkoxy; 

Rb is Ci-3 alkyl, wherein alkyl is unsubstituted or substituted with hydroxy, amino, 

Ci-3 alkoxy, C1-3 alkylthio, or one to three fluorine atoms; 

R^^ is hydroxy, fluoro, or Ci-4 alkoxy; 
15 Rd is hydrogen, cyano, methyl, halogen, or CONH2; 

Rg is hydrogen, amino, or Ci^ alkylamino; 

Ri is hydrogen, P3O9H4, P2O6H3, or PO3H2; and 

R^ and Rf are each independently hydrogen, hydroxy, halogen, amino, 

Ci-4 alkylamino, di(Ci^ alkyl)amino, or €3^ cycloalkylamino; 
20 with die proviso that when Ra and Rc are a-hydroxy, Re is amino, Rb is methyl, and 

Rf Rg, and Ri are hydrogen, then Rd is not cyano or CONH2. 

In a second embodiment of the compounds of structural formula XH 
are the compounds of structural formula Xm wherein: 
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Rb is methyl, fluoromethyl, hydroxymethyl. difluoromethyl, trifluoromethyl, or 
aminomethyl; 

Rc is hydroxy, fluorOj or methoxy, 

Ra is hydrogen, fluoro, hydroxy, amino, or methoxy; 
5 Ri is hydrogen or P3O9H4; 

RS is hydrogen or amino; 

Rd is hydrogen, cyano, methyl, halogen, or CONH2; and 

Re and Rf are each independently hydrogen, fluoro, hydroxy, or amino; 
with the proviso that when Rb is p-methyl, Ra and Rc are a-hydroxy, Re is amino, and 
P Ri, RS,dndRi are hydrogen, then Rd is not cyano or CX)NH2. 

Illustrative of the novel compounds of the present invention of 
structural formula XIH which are useful as inhibitors of RNA-dependent RNA viral 
polymerase are the following: 

4-amino-7K2-C-methyl-p.D-arabinofiiranosyl>7iy-pyrrolo[23-iqpyrimidine. 
5 4-amina.7-(2-C-niethyl-p-I>.ribofbranosylH/^-pyiTo^ 

4.methylaniino-7-(2-C-metI]ytp.D-nTK)furanosyl>7ff-py^^ 

4.dimethylamin(>-7K2-C-mebiyl^D-ribofiiianosyl>7iy-^ 

4-cyclopropylamino-7-(2-C-meth^.p-D-ribofuranosyl>7J?-pynolo[2^ 

4-amino-7-(2-C-vinyl-p-D-ribofuranosyI>7iy-pyiiolo[2,3-d]pyrinudi^^^ 

4-amino-7K2-C-hydroxymethyl-p-D-ribofuranosyl>7^^pyrrolo[23.-rf|p)«^ 
4-amino-7-(2-C-fluoromethyl.p-D-iibofuranosyI>7fl^-pyirolot2,3-(qpyrimidine, 
4-amino-5-methyl-7-(2-C-methyl-p-D-ribofuranosyl>7fl^-pyiTolo[2,3-^pyri^ 
4-amino-7-(2-C-methyl-p-D-ribofuranosyl)-7Jy-pyrro]o[2.3-^^ 
carfooxylic add, . 

4-amino-5-hromo-7-(2-C-methyl-P-D-ribofiiranosyl)-7Jy-pym>lo[2,3-^pyrim 

4-aniino-5-chloro-7-(2-C-methyI.p-I>.ribofuranosyl>7/^pyrrolo[23-d]p^ 

4.amino-5-fluoro-7-(2-CHnettyl.p-D.ribo&ranosyl>7£r-pyirolo[2,^^^ 

2,4-diamino-7-<2-C-methyl-P-D-iibofuranosyl>7/r-pyiTolo[23-%^ 

2-amino-7-(2-C-methyl-P-D-ribofuTanosylHi?-pynolo[2,3wqpyiimid^^ 

2-amino^cyclopropylamino-7K2<-methyl-p-D-iibofuranosyl)-7J?-^ 
(ijpyrimidine, ■ 

2-anuno-7-(2-C-methyl-p-D-ribofuranosyl)-7^-pyrroloL23-tqpyrimidin^^ 
4-amino-7-(2.C-ethyl-P-D-ribofuranosyl>7H-pyrrolo[2,3-d]pyrimidine, 
4-amino-7-(2-C,2-0-dimethyl-p-D-ribofuranosyl>7ir-pyrrolo[23-/gpyrimid^^^ 
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7-(2-C-me%l-^-D-ribof^ffanosyl)-7^^p)aTolot23-^i]pyriInid^ 

2-amino-5-methyI-7-(2-C.2-0-dimethyI-P-D-riboWo^^^^ 
iflpyriinidin-4(3/0-one, 

4-anuno-7-(3Hleoxy-2-C-me%l-p.D-ribofuranosyl>7/f-pyriolo[23.^ pyrimidine, 

4-aiDmo^7-<3-deoxy-2-C-mefliyl-p*I>.aiabiiK)fiiranosyl>7^^^ . 
pyiinudine, 

4-aniino-2-fluoio-7K2.(>methyl-p.I>.ribofuimosyl>7frp^^ 

4-amino-7K3-C-me%l-p-D-riboWosyl>7H-pynrolo[23-4pyrinBdine; 
4-aimno-7-(3-C-methyl-P-D-xylofliranosyl)-7ff^ 

4-aminc)-7-(2,4-di-C-me%l-p-D-ribofuranosyl>7H-pyiTolo[23-d^ and 

4-amin(>-7K3Kleoxy-3-fluoro-2-C-methyl-^I>nTx)furanosyl>7 
<j]pyrimidine;. 

and the conesponding 5'-triphosphates; 
or a phannaceuticaily acceptable salt thereof. 
15 Furtha: illustr^ve of the novel compounds of the present invention of 

structural fonnula XIH whicji are qsefid as inhibitors of RNA-dependent RNA viral 
polymerase are the following: 

4-amino-7-(2-C-methyl.p-D-fflabinofuranosyl>7ff-pyrrDlo[23^pyri^ 

4-amino-7-(2-C-methyl-P-I>.ribofuranos)d>7iy-pyiiolo[23sqpyri^ 

4-amino-7-(2-C-fluoromethyl-p-D-ribofuianosyl)-7H-pyiTOlb[23-d]pyrimidine, 

. 4-amino-5-methyl-7-(2-C-methyl-p-D-ribofuranosyl)-7jy-pyiiolo[23-^qpyiimidin^ 

4-amino-5-bromo-7-(2-C-methy]:p-D-ribofuranosyl)-7i?-pytrolo[23-^pyrimidi 

4.anuno-5-chloix)-7K2-C-methyl-P-D-iibofuranosy]Hi?-pyrrolot23-d]pyiimi 

4-amino-5-fluaro-7-(2-C-methyl-p-D-ribofuranosyl>7/y-pyirolo[23-d]pyiim 
25 and 

4-amino-7-(2-C,2-^-dimethyl-P-D-ribofuraiiosylV7/^-pyiTolpt^^^^ 
and the conesponding S'-triphosphates; 
or a phannaceuticaily acc^table salt th»eof . 

Further structurally novel nucleoside derivatives of the present 
30 invention which are useful as inhibitors of RNA-dependent RNA viral polymerase are 
the following: 

3'-deoxy-3'-methyl-cytidine, 

3',5'-di-0-octanoyl-2'-C>-methyl-cytidine, 

3'-(?-octanoyl-2'-(?-methyl-cytidine, 



20 
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4-anuno-7-(3KJeoxy-3-methyl-p-D-ribofuranosyl>7/?-pynblo{23^^ 
carboxamide, 

2-ainino-5-e%l-7KP-D-ribofuranosyl)-7/?-pyiTolo[23-iqpyriiDidin^^ 
2-aniino-7-(3-deoxy-P-I>-ribofuranosyl>7H-pynolo[23-d]pyriini^ 
5 2-aimno-7K2-0-inethyl-P-D-riboftonosyl)-7jy-pyiroloP^ 
2-amiiK)-7^2-0-methyI-P-D-ribofuran<)syl>^^ 

7K2-0-methyl-P-D-rib6furanosyl)-7^r-pynolo[2,3-d]pyimiidine, 

2-aiiiino-3,4-dihydio-4-ox(>-7-(2-<7-methyl-p-p.ribofura^ 

<flpyrimidin-5-carbonitrile, 

10 2-ainino-5-methyl-7-(2-C>-methyl-p-D-ribofuranosyl>7ff-py^^ 
4(3fl)-one, 

2-amino-4-chloro-7-(2-0-methyl-p-D-ribofuranosyl>7^r-py^^ 
carbonitiile, 

2-anrino^hlQro-5-e%l-7K2-0-me%l-P-D-ribofuranosyl>7iy-pyiro^ 
IS <f]pyrimidine, 

2-aniiiK)-4-chlQro-5-methyl-^K2-<)-ntethyl-p-D-n^ [23- . 

djpyrimidiiie, '. 

2-ainino-7-<2-<7-methyl-p-p^ribofuianosyI>7ff-pynolo[23^ 
thione, 

20 2-amino-4H:Woro-7-(2-0-methyl-P-I>.ribofui^osyl)-7^r-py^^ 

2-amino-4K:hloro-5-methyl-7-(p-D-ribofuranosyl)-7H-pyrrolo[23-41pyriimdine, 

2-ainino-7-(2.Kieoxy-2-fluoro-p-D-arabmofiuanosyl)-7ff-pyirolo[2^^ 
4(3/0-one, 

2-aimno-4wAloro-7-(2-deoxy-2-fluon)-p-p-arabiiiof^ 
25 ^Qpyrimidine, 

2-anmio-7-(p-I>-arabmofuranosyl)-3,4-dihydn^^ 
catbonitrile, 

. 9<p-D-arabmofuranosyl>9irrpurin-6(lfl)-one, 
3'-amino-3'-deoxy-2'-C>-methyl-adenosine, 
30 8-amino-2'-C-methyladenosine, 

6-amino-l-(3-deoxy-P-D-ribofuranosy])-m-imidazo[4,5-c]pyridin-4(5/0-one, 

6-ainino-lK3-deoxy-3-fluorD-P-D-ribofuranosyl>l/f-iinidazo[4^-c]pyridm 
one, 

3'-deoxy-2'-0-(2-methoxyediyl)-3'-methyl-5-methyluridine, 
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2-aniino-7-(3-deoxy-p-D-nbofuranosyI>3,4Kfihydro-4-^ 
<j]pyriiiudin-5-caibonitrile; 

2-amino-7-(3-deoxy-3-methyi-p-D-ribofuranosyl>7H-pjra)lo[2^^^^ 
carbonitrile, 

5 2-aininOr7K3-deoxy-3-methyl-^D-ribofuranosyl>7/f-pjiTolop 
one, 

2-ainino^7K3-deoxy-3-fluoro-P-D-nT)ofuranosyl>7fl-pyB^^ 
one, 

6-anuno-l-(2-amethyl-p-D-ribofuranosyl>lH-iinidazo[4,5-c]p^^ 

10 6-aimno-l-(3-deoxx-3-methyl-P-I>-nT)ofumosyl>lH-imidazot43-c]py^ 
one, 

6-amino-l-(2-<Ieoxy-2-£Iuoro-p-D-ribofuranosyl>lfl-imidazo[4,5-c]pyridin-^^ 
one, 

1- {2-C-methyl-P-D-arabinofuianosyl)uraca, 

15 4-amino-l-(3-4Jeoxy-3-flu(m>-P-I>-riboftiran(»yl)-m-i^ 

2- ammo-7K-3-deoxy-3-fluo50KP-D-ribofuranosyl^^ 
[23-^pyiinudm-S-caiboxaimde, 

4-aimno-l-(2-C-methyI-p-D-ribofaranosyl>l£r-pyrazoIo[3,4-d]pyriim 
4-aimho-l-(3-deoxy-p-D-ribofiiranosyl)-l/^imidazo[4,5-c]pyridme^ 

20 4-ajmno-l-<3-deoxy-3-methyl-P-D-ribofuranosyl)-lfl-iinidazo[4,5-clpyri^ 
and the corresponding 5'-triphosphates; 
or a pharmaceutically acceptable salt thereof. 

In a furOier embodiment the novel compounds of the present invention 
arc useful as inhibitors of positive-sense single-stranded RNA-dependent RNA viral 

25 polymerase, inhibitors of positive-sense single-stranded RNA-dependent RNA viral 
replication, and/or for the treatment of positive-sense single-stranded RNA-dependent 
RNA viral infection, to a class of this embodiment, the positive-sense single-stranded 
RNA-dependent RNA virus is a navMn&e virus or a Picornm^znd^ virus. In a 
subclass of this class, the Picomaviridae virus is a rhinovirus, a poliovirus, or a 

30 hepatitis A virus. In a second subclass of diis class, the Flaviviridde virus is selected 
from the group consisting of hepatitis C virus, yellow fever vims, dengue virus, West 
Nile virus, Japanese encephalitis virus, Banzi virus, and.bovine viral diairhea vims 
(B VDV). In a subclass of this subclass, the Flaviviiidae virus is hepatitis C virus. 
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Throughout the instant application, the foDowing tenns have the 
indicated meanings: 

The alkyl groups specified above are intended to include those alkyl 
groups of the designated length in either a straight or branched configuration. 
5 Exernplaiy of such alkyl groups are methyl, ethyl, propyl^ isopropyl, butyl, sec-butyl, 
tertiary butyl, pentyl, isopentyl, hexyl, isohexyl, and the like. 

The term "alkenyl" shall mean straight or branched chain alkenes of 
two to six total carbon atoms, or any number within this range (e*g., ethenyl, propenyl, 
butenyl, pentenyl, etc.). 

The term "alkynyF' shall mean straight or branched chain alkynes of 
two to six total carbon atoms, or any number within this range (e.g., ethynyl, 
propynyl, butynyl, pentynyl, etc.). 

The term "cycloalkyl" shall mean cyclic rings of alkanes of three to 
eight total carbon atoms, or any number within this range (i.e., cyclopropyl, 
15 cyclobutyl,cyclopentyl,cyclohexyl,cycloheptyl,orcyclooctyl). 

The term "cy9lohet^roaikyr is intended to include non-aiomatic 
heterocycles containing one or two heteroatoms selected from nitrogen, oxygra and 
sulfur. Examples of 4-6-memberedcycIoheteroalkyl include azetidiny],pyriofi^ 
piperidinyl, morpholinyl, thiamorpholinyl, imidazolidinyl, tetrahydrofuranyl, 
20 tetrahydropyranyl, tetrahydrothiophenyl, piperazinyl, and the like. 

The term "alkoxy*' refers to straight or branched chain alkoxides of the 
number of carbon atoms specified (e.g;, Ci^ alkoxy), or any number within this 
range [i.e., methoxy (MeO-), ethoxy, isopropoxy, etc.] . 

The term "alkylthio" refers to straight or branched chain alkylsulfides 
25 of the number of carbon atoms specified (e,g., Ci-4 alkylthio), or any number within 
this range [i.e., methylthio (MfeS-), ethylthio, isopropylthio, etc.]. 

The term "alkylamino" refers to straight or branched alkylamines of 
the number of carbon atoms specified (e.g., Ci-4 alkylamino), or any number within 
this range [i.e., methylamino, ethylamino, isopropylamino, t-butylamino, etc.l. 
30 The term "alkylsulfonyF refers to straight or branched chain 

alkylsulfones of the number of carbon atoms specified (e.g., Ci-6 alkylsulfonyl), or 
any number within this range [i.e.. methylsulfony] (MeSOi-), ethylsulfonyl, 
isopropylsulfonyl, etc.]. 

The term "alkyloxycaibonyl" refers to straight or branched chain esters 

35 ofacarboxylicaddderivativeofthepn»entinventionofthenumberofcarbonatorn^ 
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specified (e.g., Ci-4 alkyloxycarbonyl), or any number within this range [i.e., 
methyloxycarbonyl (MeOCO-), ethyloxycarbonyl, or butyloxycarbony]]. 

The term "aryf' includes both phenyl, naphthyl, and pyiidyl. The aryl 
group is optionally substituted with one to three groups independently selected from 
5 Ci^ alkyl, halogen, cyano, nitro, trifluoromethyl, C1.4 alkoxy, and C1-4 alkylthio. 

The term "halogen" is intended to include the halogen atoms fluorine, 
Chlorine, bromine and iodine. 

The tenn "substituted" shai be dpemed to include multiple degrees of 
substitution by a named substituent Where multiple substituent moieties arc 
10 disclosed or claimed, the substituted compound can be independently substituted by 
one or more of the disclosed or claimed substituent moieties, singly or plurally. 

The term "5'^triphosphate*' refers to a triphosphoric acid ester 
derivative of the 5'-hydroxyl group of a nucleoside compound of the present invention 
having the following general structural formula VH; 

Q O O 
OH OH OHp 

15 VII 

wherein B, Z, R1-R4, R12. and Rl3 are as dejBned above. The compounds of the 
present invenltion are also intended to include pharmaceutically acceptable salts of the 
triphosphate ester as well as pharmaceutically acceptable salts of 5'-monophdsirfiate 

and 5'-diphosphate ester derivatives of the stnicturd fonnulae Vm and IX, 
20 respectively, 

O 
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The tenn "5'-(S-acyl-2-thioethyl)phosphate" or "SATE" refers to a 
mono- or di-ester <teivative of a 5'-monophosphate nucleoside of the present 
invention of structural formulae X and XI, respectively, as well as phamiaceutically 
acceptable salts of the mono-ester. 



Q 




5 XI 

The tenn "composition", as in "pharmaceutical composition " is 
intended to encompass a product comprising the active ingredient(s) and the inert 
ingredient(s) that make up the carrier, as well as any product which results, directly or 
indirectly, from combination, complexation or aggregation of any two or more of the 
10 ingredients, or from dissociation of one or more of the ingredients, or from other types 
of reactions or mteractions of one or more of the ingredients. Accordingly, the 
pharmaceutical compositions of the present invention encompass any composition 
made by admixing a compound of the present invention and a pharmaceutically 
acceptable carrier 

^5 'I'^e temis "administration of* and "administering a" compound should 

be understood to mean providing a compound of tfie invention or a prodrug of a 
compound of the invention to the individual in need. 

Anotiier aspect of the present invention is concerned' with a method of 
inhibiting HCV NS5B polymerase, inhibiting HCV replication, or treating HCV 

20 infection with a compound of the present invention in combination with one or more 
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agents useful for treating HCV infection. Such agents active against HCV include, 
but are not limited to, ribavirin, levoviiin, viranpidine, thymosin alpha-1, interferon-a, 
pegylated interferon-a (peginterferon-a), a combination of interferbn-a and ribavirin, 
a combination of peginterferon-a and ribavirin, a combination of interferon-a and 
5 levovirin, and a combination of peginterferon-a and levovirin. Interferon-a includes, 
but is not limited to, recombinant interferon-a2a (such as Roferon int^eron available 
from Hoftoann-I^oche, Nutley, NJ), pegylated interferon-a2^ 
interferori-a2b (such as Intron-A interferon available from Sobering Corp., 
Kenilworth, NJ), pegylated interferon-a2b (Peglntron™), a recombinant consensus 
10 interferon (such as interferon alphacon-1), and a purified interferon-a produ 

Amgen's recombinant consensus interferon has the brand name fiifergen®. Levovirin 
is the Lrcnantiomer of ribavirin which has shown immunomodulatory activity similar 
to ribavirin. Viramidine is an amidino analog of ribavirin disclosed in WO 01/60379 
(assigned to ICN Pharmaceuticals). In accordance with this method of the present 
15 invention, the individual components of the combination can be administered 

separately at different times -during the course of therapy or concunently in divided or 
single combination forms. Ijie instant invention is tiherefore to be understood as 
embracing all such regimes of simultaneous or alternating treatment, and the term 
"administering" is to be interpreted accordingly. It will be understood that the scope 
. 20 of combinations of the compounds of this invention with other agents useful for 

. treating HCV infection includes in principle any combination with any pharmaceutical 
composition for treating HCV infection. When a compound of the present invention 
or a pharmaceuticaUy acceptable salt thereof is used in combination with a second 
tfierapeutic agent active against HCV, the dose of each compound may be either the 
25 same as or different from the dose when the compound is used alone. 

For the treatment of HCV infection, the compounds of the present 
invention may also be administered in combination with an agent that is an inhibitor 
of HCV NS3 serine protease, such as LY570310 (VX-.950). HCVNS3 serine 
protease is an essential viral enzyme and has been described to be an excellent target 
30 for inhibition of HCV replication, Both substrate and non-substrate based inhibitors 
of HCV NS3 protease inhibitors are disclosed in WO 98/17679, WO 98/22496, WO 
98/46630, WO 99/07733, WO 99/07734, WO 99/38888, WO 99/50230, WO 
99/64442, WO 00/09543, WO 00/59929, WO 01/74768, WO 01/81325, and GB- 
2337262. HCV NS3 protease as a target for the developmrat of inhibitors of HCV 
35 replication and for the treatment of HCV infection is discuss^ in B.W. Dymock, 
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"Bnerging therapies for hepatitis C virus infecticm," Emerging Drup s . 6: 13-42 
(2001). 

Ribayirini levovirin, and virainidine may exert their anti-HCV effecte, 
by modulating intracellular pools of guMiine nucleotides via inhibition of the 
5 intracellular enzyme inosine monophosphate ddiydrogenase (IMPDH). IMPDH is tiie 
rate-limiting enzyme on tihe biosynthetic route in de novo guanine nucleotide 

biosynthesis. Ribavirin is readily phosphorylatedintracellularly and the 
monophosphate derivative is an inhibitor of IMPDH. Thus, inhibition of IMPDH 
represents anotiier useful target for the discovery of inhibitors of HCV repHcation. 
10 Therefore, the compounds of tfie present invention may also be administered in 

combination witii an inhibitor of IMPDH. such as VX-497, which is disclosed in WO 
97/412il and WO 01/00622, (assigned to Vertex); another IMPDH inhibitor, such as 
that disclosed in WO 00/25780 (assigned to Bristol-Myers Squibb); or mycophenolale 
mofetil [see A.C. Allison and BM. Eugui, Agents Action . 44 (SuppL): 165 (1993)]. 

I'or die treatment of HCV infijction, die compounds of the present 
invention may also be administered in combination witii the antiviral agent 
amantadine (1-aminoadama^tane) [for a comprehensive description of this agent, see 
J. Kirschbaum, Anal. Profiles Drug Subs. 12: 1-36 (1983)]. 

The compounds of the present invention may also be combined for the 
20 treatment of HCV infection witii antiviral 2'-C-branched ribonucleosides disclosed in 
R. R Harry-O'kuru, et al., J.. Org. Chem., 62: 1754-1759 (1997); M. S. Wolfe, et al., 
'Tetrahedron Lett.. 36: 7611-7614 (1995); and U.S. Patent No. 3.480,613 (Nov. 25, 
1969), the contents of which are incorporated by reference in their entirety. Such 2'- 
C-branched ribonucleosides include, but are not limited to, 2'-C-methyI-cytidine, 2'- 

25 C-methyI-adenosine.2'-e-metiiyl-guatiosine,and9-(2-C-methyl-p-D.ribofurano^^^ 
2,6-diaminopurine. 

By "pharmaceuticaDy acceptable" is meant that tile canier, diluent, or 
excipient must be compatible with tiie other ingredients of the formulation and not 
deleterious to the recipient thereof. 

^ Also included within the present invention are pharmaceutical 

compositions comprising tiie novel nucleoside compouinds and derivatives thereof of 
the present invention in association witii a pharmaceutically acceptable carrier. 
Another example of the invention is a pharmaceutical composition made by 
combining any of Uie compounds described above and a pharmaceuticaUy acceptable 

35 carrier. Anotiier illustration of tiie invention is a process for making a pharmaceutical 
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composition comprising combining any of the compounds described above and a 
• phannaceutically acceptable carrier. 

Also included ivithin the present invention are pharmaceutical 
compositions useful for inhibiting RNA-dependent RNA viral polymerase in 
5 particular HCV NS5B polymerase comprising an effective amount of acompound of 
this invention and a pharmaceutically acceptable carrier. Pharmaceutical 
compositions useful for treating RNA-dependent RNA viral infection in particular 
HCV infection are also encompassed by the present invention as well as a method of 
inhibiting RNA-dependent RNA viral polymerase in particular HCV NS5B 
10 polymerase and a method of treating RNA-dependent viral replication and in 
particular HCV replication. Additionally, the present invention is directed to a 
pharmaceutical composition comprising a therapeutically effective amount of a . 
compound of the present invention in combination with a therapeutically effective 
amount of another agent active against RNA-dependent RNA virus and in particular 
15 '■ against HCV. Agents active against HCV include, but are not limited to, ribavirin, ^ 
levovirin, viramidine, thymosin alpha-1, an inhibitor of HCV NS3 serine protease, 
interferon-a, pegylated interferon-a (peginterferon-a), a combination of rnterferon-a 
and ribavirin, a combination of peginterferon-a and ribavirin, a combination of 
interferon-a and levovirin, and a combination of peginterferon-a and levovirin. 
20 Interferon-a includes, but is not limited to, recombinant interferon-a2a (such as 
. Roferon interferon available from. Hoftoann-LaRoche, Nutley, NJ), interferon-a2b 
(such.as Intron-A interferon available from Schering Corp., Xenilworth, NJ), a 
consensus interferon, and a purified inteiferon-a product. For a discussion of 
ribavirin and its activity against HCV, see J.O. Saunders and S.A. Raybuck, *1hosine 
25 Monophosphate Dehydrogenase: Consideration of Structure, Kinetics, and 
Therapeutic Potential," Ann. Rep . Med. Chftm , 35: 201-210 (2000). 

Another aspect of the present invention provides for the use of 
nucleoside compounds and derivatives thereof and their pharmaceutical compositions 
for the manufacture of a medicament for the inhibition of RNA-dependent RNA viral 
30 replication, in particular HCV replication, and/or the treatment of RNA-dependent 
RNA viral infection, in particular HCV infection. Yet a further aspect of the present 
invention provides for nucleoside compounds and derivatives tiiereof and their 
pharmaceutical compositions for use as a medicament for the inhibition of RNA- 
dependent RNA viral replication, in particular HCV replication, and/or for the 
35 treatment of RNA-dependent RNA viral infection, in particular HCV infection. 
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The phannaceutical compositions of the present invention comprise a 
compound of structural fonnula I, IV, or XH as an active ingredient or a 

pharmaceutically acceptable salt thereof, and may also contain a phannaceuticaUy 
acceptable canio- and optionally other therapeutic ingredients. 
5 The compositions includp compositions suitable for oral, rectal, 

topical, parenteral (including subcutaneous, intramuscular, and intravenous), ocular 

(ophthahnic), puhnonary (nasal or buccal inhalation), or nasal administration, 
although the most suitable route in any given case will depend on the nature and 

severity of the conditions being treated and on the nature of the active ingredient 
10 They may be conveniently presented in unit dosage form and prepaied by any of the 
methods well-known in the art of pharmacy. 

lo practical use, the compounds of structural fomiulae I, IV, and Xil 
can be combmed as the active ingredient in intimate admixture witii a pharmaceutical 
caniea: according to conventional phannaceutical compounding techniques. The 

15 carrier may take a wide variety of forms depending on the form of preparation desired 
for administration, e.g., oral^or parenteral (including intiavenous). In preparing the 
compositions for oral dosage form, any of the usual pharmaceutical media may be 
employed, such as, for example, water, glycols, oils, alcohols, flavoring agents, 
preservatives, coloring agents and the like in the case 6f oral liquid preparations, such 

20 as, for example, suspensions, elixirs and solutions; br carriers such as starches, sugars, 
microcrystalline ceUulose, diluents, granulating agents, lubricants, binders, 
disintegrating agents and the like in the case of oral solid preparations such as, for 
example, powders, hard and soft capsules and tablets, witii the soHd oral preparations 
being preferred over the liquid preparations. 

Because of their ease of idnunistration, tablets and capsules represKit 
tiie most advantageous oral dosage unit form in which case solid phaimaceutical 
carriers are obviously employed. If desired, tablets may be coated by standard 
aqueous or nonaqueous techniques. Such compositions and preparations should 
contain at least 0.1 percent of active compound. The percentage of active compound 
30 in tiiese compositions may, of course, be varied and may conveniently be between 
about 2 percent to about 60 percent of the weight of the unit The amount of active 
compound in such therapeutically useful compositions is such that an effective dosage 
wiU be obtained. The active compounds can also be administered inttanasally as, for 
example, liquid drops or spray. 
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The tablets, pills, capsules, and the like may also contain a binder such 
as gum tragacanth, acacia, com starch or gelatin; excipients such as dicalcium 
phosphate; a disintegrating agent such as coni starch, potato starch, alg^ 
lubricant such as magnesium steaiate; and a sweetening agent such as sucrose, lactose 
5 or saccharin. When a dosage unit form is a capsule, it may contain, in addition to 
materials of the above type, a liquid carrier such as a fatty oil. 

Various other materials may be present as coatings or to modify the 
physical f onn of the dosage uiiit For instance, tablets may be coated with shellac, 
sugar or both. A syrup or elixir may contain, in addition to the active ingredient, 
10 sucrose as a sweetening agent, me%l and propylparabens as preservatives, a dye and 
a flavoring such as cherry or orange flavor. 

Compounds of structural formulae I, IV, and Xn may also be 
administered parenterally. Solutions or suspensions of these active compounds can be 
prepared in water suitably mixed with a surfactant such as hydroxy-propylceUulose. 
15 Dispersions can also be prepared in glycerol, liquid polyethylene glycols and mixtures 
thereof in oils. Under ordin|iy conditions of storage and use, these preparations 
contain a preservative to prwent the growth of naicroorganisins. 

The pharmaceuticaJ forms suitable for injectable use include sterile 
aqueous solutions or dispersions and sterile powders for the extemporaneous 
20 preparation of sterile injectable solutions or dispersions. In all cases, the form must 
be sterile and must be fluid to the extent that easy syringability exists. It must be 
stable under the conditions of manufacture and storage and must be preserved against 
the contaminating action of microorganisms such as bactraa and fungi. The cairi^ 
can be a solvent or dispersion medium containing, for example, water, ethanol, polyol 
25 (e.g. glycerol, propylene glycol and Hquid polyethylene glycol), suitable mixtures 
thereof, iand vegetable oils. 

Any suitable route of administration may be employed for providing a 
mammal, especially a human with an effective dosage of a compound of the present 
invention. For example, oral, rectal, topical, parenteral, ocular, pulmonary, nasal, and 
30 tiie like may be employed. Dosage forms include tablets, troches, dispersions, 

suspensions, solutions, capsules, creams, ointments, aerosols, and the like. Preferably 
compounds of structural formulae I, IV, and Xn are administered orally. 

For oral administration to humans, Uie dosage range is 0.01 to 1000 
mgflcg body weight in divided doses. In one embodimCTt the dosage range is 0.1 to 
35 100 mg/kg body weight in divided doses. Li anotiier embodiment the dosage range is 
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0.5 to 20 mg/kg body weight in divided doses. For oral administration, the 
compositions aie preferably provided in the form of tablets or eddies containing 1 0 
to 1000 milligrams of the active ingredient, particularly, 1. 5, 10, 15, 20. 25 50 75 
100, 150, 200. 250. 300, 400, 500. 600. 750. 800. 900. and 1000 milligrams of Ae ' 
active mgredient for the symptomatic adjustment of the dosage to the patient to be 
treated. 

The effective dosage of active ingredient employed may vary 
depending on the particular compound employed, the mode of administration the 

««d»tionbeingtieatedandtheseverityoftheconditionbeingtieated Suchdosage 
may be ascertained readily by a person skiUed in the art. This dosage regimen may be 
adjusted to provide the opitimal therapeutic response. 

The compounds of the present invention contain one or more 
asymmetiic centers and can thus occur as racemates and racemic mixtures, single 
enantiomers. diastereomeric mixtures and individual diasteieomers. Tlie present 
invention is meant to comprehend nucleoside derivatives having the p-D 
stereochemical configuration for the five-membered furanose ring as depicted in tiie 
stractural formula below, tfutt is. nucleoside compomids in which the substituents at 
C-1 and C-4 of the five-membered fiiranose ring have the p-stereochemical 
configuration ("up" orientation as denoted by a bold Kne). 




The stereochemistry of the substihients at the C-2 and C-3 positions of 
the furanose ring of the compounds of the present invention is denoted eitf,^ by a 
dashed line which signifies that the substituent. for example R2 i„ stractural formula 
VI, has the a (substituent "down") configuration or a squiggly li„e which signifies that 
the substituent, for example R3 in structural formula VI. can have either tiie a 
(substituent "down'O or p (substituent "up") configurati6n. 
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Some of the compounds described herein contra olefinic double 
bonds, and unless specified otherwise, are meant to include bbth E and Z geometric 
isomers. 

Some of the compounds described herein may exist as tautomers such 
as keto-enol tautomers. The individual tautomers as weU as mixtures thereof are 
encoiiq)assed with compounds of structural formulae I. IV, and m An example of 
keto^nol tautomers which are intended to be encompassed within the compounds of 
the present invraition is iUuistrated below: 



10 




R^ 



15 



20 



Compounds of structural formulae I, IV, and XH may be separated into 
their individual diastereoisomers by, for example, fractional crystallization from a 
suitable solvent, for example methanol or ethyl acetate or a mixture thereof, or via 
chiral chromatography using an optically active stationary phase. 

Alternatively, any stereoisonaer of a compound of the stractural 

formulae I, IV. and Xn may be obtained by stereospecific synthesis using optically 
pure starting materials or reagents of known configuration. 

The stereochemistry of the substituents at the C-2 and C-3 positions of 
the fiiranose ring of the novel compounds of the present invention of structural 
formula XH is denoted by squiggly lines which signifies that substituents Ra, Rb, Rc 

and Rh can have either the a (substituent "down") or p (substituent^up'O 
configuration independently of one another. 
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The compounds of the present invention may be administered in the 
form of a phannaceutically acceptable salt. The tenn "phaimaceutically acc^table 
salt" refers to salts prepared fmm phannaceutically acceptable non-toxic bases or 
adds including inoi;ganic or organic bases and inorganic or organic adds. Salts of 
basic conq)ounds encompassed within the term "i*annaceutically acceptable salt" 
rrfer to non-toxic salts of the compounds of this invention which, are generally 
prepared by reacting the free base with a suitabie organic or inorganic add. 
Representative salts of basic compounds of the present invention include, but are not 
limited to, the foUowing: acetate, benzenesulfonate, benzoate, bicarbonate, bisulfate, 
bitartrate, borate, bromide, camsylate, carbonate, chloride, clavulanate, citrate, 
dihydrochloride, edetate, edisylate, estolate, esylate, fiimarate, gluceptate, gluconate, 
glutamate, ^ycollylarsanilate, hexylresoicinate, hydrabamine, hydrohromide, 
hydrochloride, hydroxynaphthoate, iodide, isofliionate, lactate, lactobionate, laurate, 
malate, maleate, mandelate, mesylate, metiiylbromide, metfiylnitrate, methylsulfate, 
mucate, napsylate, nitrate, N-methylglucamine ammonium salt, oleate, oxalate, 
pamoate (embonate), palmitate, pantothenate, phosphate/diphbsphate, 
polygalacturonate, salicylate, stearate, sulfate, subacetate, succidate, tannate, tartrate, 
teoclate, tosylate, triethiodide and valerate. Furthermore, where tiie compounds of the 
invention cany an acidic moiety, suitable phannaceutically acceptable salts thereof 
include, but are not limited to, salts derived from inorganic bases induding aluminum, 
ammonium, caldum. copper, ferric, ferrous, litiiium, magnesium, manganic, 
mangamous, potassium, sodium, zinc, and tiie like. Particularly preferred are the 
ammonium, calcium, magnesium, potassium, and sodium salts. Salts derived from 
phannaceutically acceptable organic non-toxic bases include salts of primary, 
secondary, and tertiary amines, cyclic amines, and basic ion-exchange resins, such as 
arginine, betaine, caffdne, choline. NJ^-dibenzylethyleaiediamine, dietiiylamine, 2- 
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diethylaminoethanol, 2-dimethyIamiiioethanol, ethanolamine, ethylenediamine, N- 
ethylmorphoUne, N-ethylpiperidine, glucamine, glucosamine, histidine, hydrabamine, 
isopropylamine, lysine, methylglucamine, moipholine, piperazine, piperidine, 
polyamine resins, procaine, purines, theobromine, trietfaylamine, trimethylamine, 
5 tripTopylamine, tromethaniine, and the like. 

Also, in the case of a caiboxylic add (-COOH) or alcohol group being 
present in the compounds of the present invention, phannaceutically acceptable esters 
of carboxylic add derivatives, siich as methyl, ethyl, or pivaloyloxymethyl, or acyl 
derivatives of alcohols, such as acetate or maleate, can be employed. Licluded are 
10 those esters and acyl groups known in the art for modi^g the solubility or 
hydrolysis characteristics for use as sustained-release or prodrug formulations. 

Preparation of the Nucleoside Cnmp ounds and Derivatives of t| ie 

tavention 

The nucleoside compounds and derivatives thereof of the present 

invention can be prepared fo^lowiijgsynthetic methodologies well-estobUshed in the 
practice of nucleoside and nicleoidde chemistry. Reference is made to the foUowing 
text for a description of syndietic methods used in the piepaiation of the compounds 
of the present invention: "Chemistry of Nucleosides and Nucleotides," UB. 
20 Townsend, ed.. Vols. 1-3, Plenum Press, 1988, which is incorporated by reference 
herein in its entirety. 

A representative general method for the preparation.of compounds of 
the present invention is outlined in Scheme 1 below. This scheme illustrates the 
synthesis of conqwunds of the present invention of structural formula Ul wherein the 

25 fiiranose ring has the p-D-ribo configuration. The starting material is a 3,5-bis-O- 
protected allq^l furanoside, such as methyl furanoside, of structural formula M. The 
C-2 hydroxyl group is then oxidized vwth a suitable oxidizing agent, such as a 
chromium trioxide or chromate reagent or Dess-Martin periodinane, or by Swem 
oxidation, to afford a C-2 ketone of stmctural formula 1-2. Addition of a Grignard 

30 reagent, such as an alkyl, alkenyl, or alkynyl magnesium halide (for example, 

MeMgBr, EtMgBr, vinylMgBr, allylMgBr, and ethynylMgBr) or an alkyl, alkenyl, or 
alkynyl lithium, such as MeLi, across the carbonyl double bond of 1:2 in a suitable 
organic solvent, such as tetrahydrofuran, diethyl ether, and the like, affords the C-2 
tertiary alcohol of structural formula l^. A good leaving group (such as Q, Br, and 

J5 I) is next introduced at the C-1 (anonaeric) position of the fiiranose sugar derivative by 
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treatment of the iimmoside of formula^ with a hydrogen halide in asuitable organic 
solvent, such as hyAogen bromide in acetic acid, to affoid the intermediate furanosyl 
halide lA. A C-1 sulfonate, such methanesulfonate (MeSOjO-), 
trifluoromethanesulfonate (CF3SO2O-). or p-toluenesulfonate (<)Ts), may also serve 
as a useful leaving gioup in the subsequent reaction to generate the glycosidic 
(nucleosidic) linkage. The nucleosidic linkage is constructed by treatment of the 
intermediate of structural formulaM with the metal salt (such as lithium, sodimn, or 
potassium) of an appropriately substituted lff-pyrrolo[2.3-d]pyrimidine jU5. such as 
an appropriately substituted 4-halo-lH-pyiiolo[2,3Kilpyrimidine, which can be 
generated m ^/to by treatment with an alkaK hydride.(such as sodimn hyA^^ 
alkali hydroxide (such as potassium hydroxide), an aDcaU carbonate (s^^ ' 
potassium carbonate), or an alkdi hexamethyldisilazide (such as NaHMDS) in a 
suitable anhydrous organic solvent, such as acetonitrile, tetrahydrofuran. l-methyl-2- 

pyirohdinone, or NJsTKiimethylformamide pMF). The displacement reaction ^ 
15 catalyzed by using a phase-transfer catalyst, such as TDA-1 or 

triethyibenzylammonium ch|oride, in a two-phase system (solid-liquid or liquid- ' 
hquid). The optional protec^ng groups in the protected nucleoside of structural 
formula M are then cleaved following estabHshed deprotection methodologies, such 
as those described in T. W. Greene and P.GM. Wuts. ''Protective Groups in Organic 
Synthesis." S"' ed.. John Wiley & Sons. 1999. Optional introduction of an amino 
group at die 4-position of the pyirolo[23-d]pyrimidine nucleus is effected by 
treatment of the 4-halo intennediate M with the appropdate amine, such as alcoholic 
ammoma or liquid ammonia, to generate a primary amine at die C-4 position (-NH2) 
an alkylamine to generate a secondary amine (-NHR). or a dialkylamine to generate a 
tertiary amine (-NRR'). A 7H-pyn:olo[2.3-d]pyrimidin-4(3H)one compound maybe 
denved by hydrolysis of M with aqueous base, such as aqueous sodium hydroxide 
Alcoholysis (such as methanolysis) of M affords a C-4 alkoxide (-OR), whereas 
treatment with an alkyl mercaptide affords a C-4 allqrlthio (-SR) derivative 
Subsequent chemical manipulations weD-known to practitioners of ordinary skill in 
the art of organic/medicinal chemistry may be required to attain ibt desired 
compounds of the present invention. 



20 



25 
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Scheme 1 
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The examples below provide citations to literature publications, which 
5 contain details for the preparation of final compounds or intermediates employed in 
the preparation of final compounds of the present invention. The nucleoside 
compounds of the present invention were prepared according to procedures detailed in 
the foDowing examples. The examples are not intended to be limitations on the scope 
of the instant invention in any way, and they should not be so construed. Those 
10 skiUed in the art of nucleoside and nucleotide synthesis wiU ieadily appreciate that 
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known variations of the conditions and processes of the following preparative 
procedures can be used to prepare these and other compounds of the present 
invention- All temperatures are degrees Celsius unless otherwise noted. 



EXAMPLE 1 



3*-I)eoxvguanosine 



<1 "^^ 



10 This conqwi^d was prepared following the procedures described in 

Nucleosides Nucleotides, 13: 1049 (1994). 

EXAMPLE2 

15 3*-Deoxv-3'-fluoiDpianosine 

O 




F bH 

This compound was prepared following the procedures described in /. 
Med Chem. 34: 2195 {1991). 

20 

EXAMPLES 
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S-Azidoguanosine 



O 



™' compound was prepared foUowing the procedures described in 
5 Chem. Pharm. Bull.16: 1616 (196S). 



EXAMPJ.RA 



8-Bromo | ;uanosine 
10 t 



O 



^ \ 11 r 



H6 t)H 

This compound was obtained ftom commeicial sources. 
EXAMPIP.S 



15 

2'-0-Methvlguanosine 
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This compound was obtained from commercial sources. 
EXAMPLE 6 
3'-Deoxv>3'>(fluoromethvl)guanosine 




't)H 

To a solution of l^-0-diacety]-5-<9-(p-toluoy])-3-deoxy-3- 
10 (fluoromethyl)-D-ribofuranose (257 mg, 0.7 mmol) [prepared by a similar method as 
that described for the corresponding 5-0-ben2yl derivative in J Med. Chem. 36: 353 
(1993)] and ^^-acetyl-C>*-(dipheny]carbamoy])guanine (554 mg. 1 .43 mmol) in. 
anhydrous acetonitrile (6.3 mL) was added bis(trimethylsilyl)acetamide (BSA) (1.03 
g, 5 mmol). The reaction mixture was stirred at reflux for 30 minutes, and the bath 

15 was removed. The reaction mixture was cooled in an ice bath and TMS-triflate (288 ' 
mg, 1.3 mmol) was added with stirring. After addition was complete, the reaction was 
heated at reflux for 2 hr., the reaction mixture was poured onto ice and extracted with 
chlorofaim (5 x 10 mL). The combined organic layers were washed with aqueous 
saturated sodium bicarbonate, brine and dried over anhydrous Na2S04. The solvent 

20 was removed under reduced pressure and the residue chromatographed over silica gel 
using 5% acetone/CHaQz as the eluant to furnish the fuUy protected corresponding 
nucleoside derivative. This was dissplved in 1.4^oxane (1.5 mL) to which was 
added 40% MeNHa^jO (1.3 g. 17 mmol). TTie reaction mixture was stirred for 1 
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day, evaporated and the residue crystallized with efliesr/MeOH to iwovide the title 
compound (58 mg). 'HNMR (pMSO-de): 8 2.76-2.67 (m, IH); 3.55-3.50 (m, IH). 
2.76-2.67 (m, IH); 3.71-3.66 (m, IH), 4.08-4.04 (m. IH), 4.77-4.50 (m, 3H), 5.06 (t, 
IH, J = 5.3 Hz), 5.69 (d, IH, 7 = 3.4 Hz), 5.86 (d. IH, 7 = 5.1 Hz), 6.45 (bs, 2H). 7.97 
5 (s,lH), 10.59 (S.1H). ''FNMR(DMSO-d;s): 5 -221.46 (m,F). 

EXAMPLE? 

10 2-Amino-3. 4-dihvfro-4-oxo-7-(B-D-ribofuranosvlV7g-pvrTDlor2.3-rflDvrimidin-5- 
carboxamide 




This compound was prepared following the procedures described in 
15 Tetrahedron. Lett. 25: 4793 (1983). 

EXAMPLES 

2-Amino-3.4-dihvd ro-4-oxo-7-rB-D-ribofuranosvlV7g-pvrTOlor2.3-rflpvrinMdin-5- 
20 carbonitiile 
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This compound was prepared following the proceduies described in J. 
Am. Chem, Soc . 98: 7870 (1976). 

EXAMPLE9 

2-Arnino-5-ethvl>7-(B-D-riboftHanosvn-7H-pmolor23-rflpvrim 




HO t)H 

Step A: 2-Amino-7-f5-Q-/grr-butvldimethvlsilvl-2.3-0-isopropvIidene-B--D-» 
ribofuranosvlV4-chloro-5>ethvl-7g-pviTD]or2,3-rflpvrimid^ 

10 To a stirred suspension of 2-amino-4-chloro-5-eAyMfl-pyrrolo[23- 

^/Jpyrimidine [described in EP 866070 (1998)] (1 .57 g, 8 mmol) in dry MeCN (48 
mL) was added NaH (60% in mineral oil; 0.32 g, 8 mmol), and the mixture was 
stirred at room temperature for 1 h. A solution of 5-0-/gft-buty]dimethy]sily]-2,3-0- 
isopropylidene-a-D-ribofuranosyl chloride [generated in situ from the corresponding 

15 lactol (1.95 g, 6.4 mmol) according to Wilcox et al.. Tetrahedron Lett,, 27: 101 1 
(1986)1 in dry THF (9.6 mL) was added at room temperature, and the mixture was 
stirred overnight, then evaporated to dryness. The residue was suspended in water 
(100 mL) and extracted with EtOAc (200 +150 mL). The combined extracts were 
washed with brine, dried (Na2S04) and evaporated. The residue was purified on a 

20 silica gel column using a solvent system of hexanes/EtOAc: 7/1. Appropriate fractions 
were collected and evaporated to dryness to give the tide compound (1.4 g) as a 
colorless foam. 

StepB: 2-Aniino-4-chloro--5>ethvl-7-(B-D-ribofuranosvlV7/:/-pvrrolor23- 
25 rflpyrimidine 

A mixture of the compound from Step A (1 . 19 g, 2.5 mmol) in MeOH 
(100 mL) ^d water (50 mL) was stirred with DOWEX It (to adjust pH of the 
mixture to 5) at room temperature for 2.5 h. The mixture was filtered and the resin 
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thoroughly washed with MeOH. The combined filtrate and washings were evaporated 
and the residue coevaporated several times with water to yield the title compound 
(0-53 g) as a white solid. 

5 Step C: 2-Aniino>5-ethvl-7-f6-D-ribofuranosvlV7H-pvnolor23-rflDvrinM^ 
4f3/fVone 

A mixture of the compound from Step B.(104 mg, 0.32 mmol) in 2N 
aqueous NaOH (10 mL) was stirred at reflux temperature for 15 min. The solution 
was cooled in ice bath, neutralized with 2 N aqueous HCl, and evaporated to dryness. 

10 The residue was suspended in MeOH, mixed with silica gel, and evaporated. The 
solid residue was placed onto a silica gel column (packed in a solvent mixture of 
CH2Cl2/MeOH: 10/1) which was eluted with a solvent system of CH2a2/MeOH: 10/1 
and 5/1. The fractions containing the product were collected and evaporated to 
dryness to yield the title compound (48 mg) as a white solid. 

15 NMR (CD3OD): 5 1:22 (t, 3H), 2.69 (q, 2H), 3.69, 3.80 (2m, 2H), 4.00 (m, IH), 

4.22 (m, IH), 4.45 (t, IH), 5^86 (d, IH, J= 6.0 Hz), 6.60 (d, IH, /= 1.2 Hz). 

't 

EXAMPLE 10 

20 2-Aminn-7- (3-deoxv-6-D-ribofuranosvlV7//-pvrrolof23-rf1pv rimirfin-4(^H)-nnft 



O 




bH 



Step A: 2-Amino-7-(2,3-anhvdro-B-D-ribofuranosvn-4-methoxv-7Jf- 
pvrrolor2.3-Jlpvrimidine 
25 To a mixture of 2-amino-7-0-D-ribofuranosyl)-4-chJoro-7//- 

pyiToloI2,3-flpyrimidine (1.8 g, 6.0 manol) in acetonitrile (80 mL) were added a 
solution of H2O/CH3CN (1:9, 1.08 mL) and then a-acetoxyisobutyiy] bromide (3.5 
mL, 24 mmol). After 2 h stirring at room temperature, saturated aqueous NaHCOa 
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(170 mL) was added and the mixture was extracted with EtOAc (300 + 200 mL). The 
combined organic phase was washed with brine (100 mL), dried (Na2S04) and 
evaporated to a pale yeJJow foamy residue. This was suspended in anhydrous MeOH 
(80 mL) and stirred overnight with 25 mL of DOWEX OH" resin (previously washed 
with anhydrous MeOH). The resin was filtered, washed thoroughly with MeOH and 
the combined filtrate evaporated to give a pale yellow foam (1.92 g). 

2-Amino-7-(3-deoxv-fi-n-rihnfi,r ^ osvn^n,P.thnT v-7/?.nvrmlnr9.,^. 
<ilpvrimidine 

A solution of LiEtaBHyTHF (IM, 75 mL, 75 mmol) was added 
dropwise to a cold (ice bath) deoxygenated (Ar. 1 5 min) solution of the compound 
from Step A (1.92 g) under Ar. Stirring at 0 was continued for 4 h. At this point the 
reaction mixture was acidified with 5% aqutsous acetic acid (110 mL), then purged 
with Ar for 1 h and and finally evaporated to a solid residue. Purification on a silica 
gel column using MeOH/CH2a2 as eluent yielded target compound as a colourless 
15 foam (1.01 g). 

2-Ainino-7-fiKleoxv-fi-D-rihnfi,r. ^ osviV7yf-p vrmior2.3-rflnvrirnirtin>.- 
4(3g)-one 

A mixture of compound from Step B (0.4 g, 1.4 mmol) in 2N aqueous 
NaOH (40 mL) was stirred at reflux temperature for 3 h. The solution was cooled in 
ice bath, neutralized with 2 N aqueous HQ and evaporated to dryness. The residue 
was suspended in MeOH. mixed with silica and evaporated. The residue was placed 
onto a silica gel column which was eluted with CHjClj/MeOH: 10/1 and 5/1 to give 
the title compound as white soUd (0.3 g). 

'H NMR (DMSO-rf.): 5 1.85. 2.12 (2m. 2H), 3.55, 3.46 (2dd. 2H). 4.18 (m. IH); 4.29 
(m, IH). 4.85 (7. IH). 5.42 (d. IH) 5.82 (d. IH. 7=2.4 Hz), 6.19 (s. 2H), 6.23 (d IH. 
/=3.6 Hz), 6.87 (d. IH). 10.31 (s. IH). 

EXAMPLR 1 1 

2-Amino-7-f2-r?-methYl-P-D-rihofiin.nosvlV7^-p vr.v.i»p,3.^nvrimH;n.^(ct»^ 



20 



25 
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HO t>Me 

Step A: 2-Alnino-4-chloIO-7-f5-^butvldimethylsilv^23-Q-isop^o^^^ 
D-ribofuranosvl)-7H-pvrrolor23-tflpvrimidine 
IP^IPT (10.65 ml, 55 inmol) was added portionwise over 30 
5 solution of 5-0-tert-butyldimethylsilyl-23-0--isopropylidene-D-ribofuranose (13.3 g, 
44 mmol), dry THF (135 mL), CCI4 (5.62 mL, 58 mmol) under N2 at -76°C. After 30 
nfiin., the temp, was raised to -20*^C. In a separate flask, a suspension of 2-anuno-4- 
chloro-iH-pyn:olo-[2,3-^f|-pyrimidine (15 g, 89 mmol) in CH3CN (900 mL) was 
treated at 15°C with 60% NaH (3.60 g., 90 mmol.). The reaction was stirred 30 
10 min.whereupon the previous^ reaction mixture was cannulated with vigorous stirring. 
The reaction was stirred 16 &s. and then concentrated in vacuo. The resulting 
semisolid was added to ice/water/EtOAc and extracted with EtOAc (3 x 200 mL), 
dried NaS04, filtered and evaporated. The resulting oil was chromatographed on 
silica gel (EtOAc/ Hexane 1/1) to afford the product as an oil (9.0 g). 

15 

Step B: . 2-Aniino-4-chloro-7-(B--D-ribofuranosvn>7/f-pvrroIor23-^PVrimidine 

A solution of the compound from Step A (5.76 g, 13 mmol) in 
MeOH/H20 (1200 mU600niL) and Dowex WX8-400 (4.8 g) was stirred 16 hrs. at 
room temperature. The resin was filtered off and the filtrate evaporated to afford the 
20 title compound as a white solid; yield 3.47 g. 

NMR (DMSO-dtf): 8 3.56 (m, 2H), 3.86 (m, IH), 4.07 (m, IH), 4.32 (m, IH), 4.99 
(t, IH), 5.10 (d. IH), 5.30 (d, IH), 6.00 (d, IH), 6.38 (d, IH), 6.71 (s br, 2H), 7.39 (d, 
IH). 

25 Step C: 2-Amino-4-<:Moro-7>f2->0-methvl-B-D-ribofuranosvn-7g-pvriolo 
rflpvrimidine 

A solution of the compound from Step B (1.0 g, 3.3 mmol) in dry 
. DMF (100 mL) at 15°C was treated with 60% NaH (0.14 g, 3.5 mmol). After 30 
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min., iodomethane (47 g, 33 mmol) was added portionwise to the stirred solution. 
The reaction was stirred at room temperature for 16 hrs. and then evaporated at a 
temperature below 46°C. The resulting solid was chromatographed on silica gel to 
afford the product as a white solid; yield 0.81 g. 
5 NMR (DMSO-rfg): 8 3.25 (s, 3H), 3.54 (m, 2H), 3.87 (m, IH), 4.07 (m, IH), 422 
(m, IH), 5.01 (m, IH), 5.16 (d, IH), 6.07 (d, IH), 6.37 (d, IH), 6.70 (s br, 2H), 7.40 
(s, IH). Mass spectrum: m/z 316 (M + 1)*. 

StepD: 2-Amino>-7>(2-Q>methvl-B-D-ribofuranosvl)-7g-pvrrQlof2-3.. 

10 ^pvrimidin-4(3Jy)>one 

A solution of the compound from Step C (80 mg, 0.25 mmol) in 
NaOHZHaO (1.6 g/20 ml) was heated at reflux for 7 hrs., whereupon the solution was 
adjusted with dilute HCl to a pH of 7 and then evaporated. Chromatography of the 
resulting solid on silica gel with EtOAc/MeOH 8/2 afforded the product as a white 

15 solid; yield 64 mg. 

NMR (DMSO-Jes): 8 3.25 (s, 3H), 3.52 (m, 2H) 3.81 (m, IH), 4.00 (m, IH), 4,19 
(m, IH), 5.10 (s br. 2H), 5.95 (d, IH), 6.27 (d, Iflf), 6.33 (s br, 2H), 6.95 (d, IH), 
10.55 (sbr,lH). 

20 EXAMPLE 12 

2-Aniino-5- methvl-7-(P-D>ribofuranosVl)>7tf-pvirolor23-rf1pvrimjdin-4Gi^ 




This compound is described in Biochemistry, 33: 2703 (1994) and was 
25 synthesized by the following procedure: 



Step A: 



2-Amino-7-f5>6>-rgrr-butvldimethvlsilvl-2.3-(7-isopropvlidene-B-D' 
ribofuranosvlM-chlQro-5-methvl-7H-pvrrQlQf2,3-/flp yrimidine 
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To a stined suspension of 2-amino-4-chloro-5-niethyl-lH-pyrrolo[2,3- 
rflpyrimidine (Liebigs Ann. Chem- 1984, 4, 708) (0.91 5 mmol) in dry KfeCN (30 
ml) was added NaH (60% in mineral oil; 0.2 g, 5 mmol) and the mixture was stirred at 
room temperature for 0.5 h. A solution of 5-0-terf-butyldimethylsilyl-23-0- 
5 isopropylidene-a-D-ribofurmosyl chloride [generated in situ from the corresponding 
lactol (1.22 g, 4 nmiol) according to Tetrahedron Lett. 27: 1011 (1986)] in dry THF (6 
mL) was added at room temperature, and the mixture was stirred overnight, then 
evaporated to dryness. The residue was suspended in water (100 mL) and extracted 
with EtOAc (2 x 100 mL). The combined organic extracts were washed with brine, 
10 dried (Na2S04) and evaporated. The residue was purified on a silica gel column using 
a solvent system of hexanes/EtOAc: 7/1 and 5/1. Appropriate fractions were collected 
and evaporated to dryness to give the title compound (0.7 g) as a coloriess foam. 

StepB: 2-Amino^ hlon>5-.methvl-7-ffl--D-ribofaranosvlV7Jy-pvrrol^ 

15 rflnvrimidine 

A mixture of the intermediate jfrom Step A (0,67 g, 1,4 mmol) in 
MeOH (70 ml) and water (35 ml) was stirred with DOWEX (to adjust pH of the 
mixture to 5) at room temperature for 4 h. The mixture was filtered and the resin 
thoroughly washed with MeOH. The combined filtrate and washings were evaporated 

20 and the residue coevaporated several times with water to yield the title compound 
(0.37 g) as a white solid. 

Step C: 2-Amino-5- methvl-7-fB-D>riboiuranosvlV7g-pvrrolor2.3-^p y^^ 
4(3H)-one 

25 A mixture of intermediate from Step B (100 mg, 0.32 mmol) in 2N 

aqueous NaOH (20 mL) was stirred at reflux temperature for 1.5 h. The solution was 
cooled in ice bath, neutralized with 2 N aqueous HCl and evaporated to dryness. The 
residue was suspended in MeOH, mixed with silica gel and evaporated. The solid 
residue was placed onto a silica gel column (packed in a solvent mixture of 

30 CH2Cl2/MeOH: 10/1) which was eluted with a solvent system of CH2a2/MeOH: 10/1 
and 5/1. The fractions containing the product were collected and evaporated to 
dryness to yield the tide compound (90 mg) as a white solid. 

NMR (pmo-de): 6 2.15 (d, 3H), 3.47, 3.50 (2m, 2H). 3.75 (m, IH), 3,97 (m, 
IH), 4.17 (m. IH), 4.89 (t. IH), 4.96 (d, IH), 5.14 (d, IH), 5.80 (d, IH. /= 6.4 Hz), 

35 6.14 (s, 2H), 6.60 (q, IH, 7= 1.2 Hz), 10.23 (s, IH). 
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EXAMPLE 13 

2-Amino-3.4-dihYdr o-4-oxo-7-f2-0-methvl-B-D->ribofuranosvl^^ 
5 rflpvriinidine-5-carbonitriIe 




Step A: 2-Amino-4^ hloro-7-B-D-ribofuranosvl-7H-pvrrolor23-rflpvri 
5-carbonitriIe 

This intermetjiate was prepared according to /. ChenL Soc. Perkin 
Trans. L 2375 im9y \ ' 

Step B: 2-Axmno-4-chloro-7~f 3,5-O-f L 1 .3 34etraisoprop vldisiloxane- 1 .3- 

divlVfi-D-ii bofuranosvn-7g-pvn:olor23-t/1pvriinidine-5->carboni 
To a solution of the compound from Step A (1.64 g, 5.00 mmol) in 
DMF (30 mL) was added imidazole (0.681 g, 10.0 namol). The solution was cooled to 
0°C and l,3-dichloro-l,13,3-tetraisopropyldisiloxane (1.58 g, 5.00 mmol) was added 
dropwise. The bath was removed and the solution stirred at room temperature for 30 
minutes, evaporated in vacuo to an oil, taken up in ethyl acetate (150 mL) and washed 
with saturated aqueous sodium bicarbonate (50 mL) and with water (50 mL). The 
organic phase was dried over magnesium sulfate, filtered and evaporated in vacuo. 
The residue was purified on silica gel using ethyl acetate/hexane (1:2) as eluent. 
Fractions containing the product were pooled and evaporated in vacuo to give the 
desired product (2.05 g) as a colorless foam. 

^HNMR (DMSO-rf^: 6 1.03 (m, 28H), 3.92 (m, IH), 4.01 (m, IH), 4.12 (m, IH), 
4.24 (m, 2H), 5.67 (m, IH), 5.89 (s, IH), 7.17 (bs, 2H), 8.04 (s, IH). 

StepC: 2-AnMno-4K: hloro-742>(9-methvl-B-D-ribofuranosvn-7g--pvriolor2.3- 
rflpvrimidine-5-<:arbonitrile 
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30 



To a pre-cooied solution (O^C) of the compound from Step B (1 70 g 
3.00 mmol) in DMF (30 mL) was added methyl iodide (426 mg. 3.00 mmol) and thJn 
NaH (60 % in mineral oil) (120 mg, 3.00 mmol). The mixture was stined at rt for 30 
minutes and then poured into a stirred mixture of saturated aqueous ammonium 
chloride (100 mL) and ethyl acetate (100 mL). Tht oigarac phase was washed with 
water (100 mL), dried over magnesium sulfate, filtered and evaporated in vacuo. Hie 
resulting oily residue was co-evaporated three times ftom acetonitrile (10 mL). taken 
up in THF (50 mL) and tetrabutylammonium fluoride (1.1 mmol/g on silica) (4.45 g 
6.00 mmol) was added. The mixture was stirred for 30 minutes, filtered and the 
filtrate evaporated in vacuo. The crude product was purified on silica usmg 
methanol/dichloromethane (7:93) as eluent. Fractions containing the product were 
pooled and evaporated in vacuo to give die desired product (359 mg) as a colorless 
solid. 

'hNMR (DMSO-rf^: 6 3.30 (s. 3H). 3.56 (m, 2H) 3.91 (m, IH). 4.08 (m. IH), 4.23 
(m. IH). 5.11 (m. IH). 523 (m. IH). 7.06 (m. IH), 7.16 (bs, 2H). 8.38 (s, IH). 

2-Amino-3,4^ihvdro-4-oxn-7-r?-n -niethvl-R-n-r.hofun»iosvn-7y/- 
PVnolor2.3 -^pvrimidine-5-carbnnttritft 

To a solution of the compound from Step D in DMF (5.0 mL) and 
dioxane (3.5 mL) was added syn-pyridinealdoxime (336 mg, 2.75 mmol) and then 
tetramethylguanidine (288 mg, 2.50 mmol). The resulting solution was stirred 
overnight at rt. evaporated in vacuo and and co-evaporated three times from 
acetonitrile (20 mL). The oily residue vyas purified on silica gel using 
methanoVdichloromethane (7:93) as eluent. Fractions containing the product were 
pooled and evaporated in vacuo to give the desired product (103 mg) as a colorless 
solid. 

'HNMR(DMSO-rf^:53.30(s.3H).3.57(m.2H).3.86(m.lH).4.00(m. 1H).4.21 
(m. IH). 5.07 (m. IH). 5.17 (m. IH). 5.94 (m, IH). 6.56 (bs. 2H). 7.93 (s. IH) 10 82 
(bs. IH). 

EXAMPLE 14 

2-Amino-5-methvl-7-(2-0-methvl-R.D-ribof..r;>r,n.y iV7g.pvn-nlnf?^-HipYr.».;^^ 
4(3m-one 
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Step A: 2-Amino-4-chloro-5-methvl-7-(2-0-methvl-B-D-ribofuranosvlV7g^ 
pviTolor23-rf1-Pvrimidme 

Into a solution of the compound from Example 12, Step B (1 88 mg, 
5 0.6 mmol) in anhydrous DMF (6 mL) was added NaH (60% in mineral oil; 26 mg, 
0.66 mmol). The mixture was stirred at room temperature for 0.5 h and then cooled. 
Mel (45 luL) was added at O^'C and the reaction mixture allowed to warm to 15 in 5 
h. Then the mixture was poured into ice-water (20 mL) and extracted with CH2CI2 
(100 + 50 mL). The combined organic extracts were washed with water (50 mL), 
10 brine (50 mL) and dried (Na^S04): The evaporated residue was purified on a silica gel 
column with a solvent system of CH2CI2/ MeOH: 30/1. Appropriate fractions were 
pooled and evaporated to yield the title compound (50 mg) as a colorless glass. 

StepB: 2-Amino-7-f2-0-methvl-B-D-ribofuranosvlV5-methvl-7/f- 

15 pvrro]or23-rf1pyrimidin-4f3/n-one 

A solution of the compound from Step A (50 mg, 0.15 mmol) in 0.5M 
NaOMe/MeOH (4 mL) was stirred at reflux temperature for 1.5 h. The mixture was 
cooled, mixed with silica gel and evaporated to dryness. The silica gel was loaded 
onto a silica gel column and eluted with a solvent system of CH2Cl2/MeOH: 30/1. The 

20 fractions containing the product were collected and evaporated to yield 2-amino-7-(2- 
0-methyl-P-D-ribofuranosyl)-4-methoxy-5-methyl"7i/-pyrroIo[2^ 
mg). This was mixed with 2 N aqueous NaOH (4 mL) and stirred at reflux 
temperature for 10 h. The mixture was cooled in ice bath, neutralized with 2 N 
aqueous HCl and evaporated. The solid residue was suspended in MeOH, mixed with 

25 silica gel and evaporated. The silica gel was loaded onto a silica gel colunrn and 
eluted with a solvent system of CH2CI2/ MeOH: 5/1. Appropriate fractions were 
pooled and evaporated to give the title compound (40 mg) as a white solid. 
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'H NMR (pMSO-d^y. 5 2.18 (s, 3H), 3.26 (s, 3H), 3.45, 3.52 (2m, 2H), 3.82 (m, IH). 
3.97 (dd, IH), 4.20 (m, IH), 4.99 ((t, IH), 5.10 (d, IH), 5.94 (d, 
IH, 7= 7.0 Hz), 6.19 (bs, 2H). 6.68 (s. IH), 10.60 (br, IH). 

EXAMPLE 15 

2-Amino-7-f2-deoxv-2-fl uoro-B-D-arabinofuranosvlV7g-DviTolor2,3-d1pv^ 
4(3ffl-one 




Hd 

1^ This compound was prepared following the procedures described in /. 

Med Chem. 38: 3957 (1995jt. 



EXAMPLE 16 

^5 2-Amino-7-(B-D-arabino fiiranosvlV7/y-pvrrolor2.3-rflpvriimdin-4r3HV nnft 

P 

H(5 

This compound was prq)ared following the procedures described in J. 
Org. Chem. 47: 226 (1982), 

20 
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EXAMPLE 17 

2-Amino-7-fB-D-arabinofuranosvlV3.4-dihvdrc>-4H)XO-7H-^ 
S"Caifaonitrile 




"Tin 

Step A: 2-AminO"7-(B-D-arabinofuranosvlV4^hloix)-7H-pvrroto 
rflpvrimidine-5-carbonitrile 

This intennediate was prepared according to J. Chenu Soc. Perkin 
Trans, i, 2375 (1989). ; . 



StepB: 2-Ainino-7-fB"D-arabinofaranosvlV3.4-dihvdnM-oxo-7H-pmol^ 
Jlpvrimidine-5-carbonitrile 

To a solution of the compound from Step A (163 mg, 0,50 mmol) in 
DMF (5.0 mL) and dioxane (3.5 mL) was added syn-pyridinealdoxime (336 mg, 2.75 

15 nmiol) and then tetramethylguanidine (288 mg, 2.50 mmol). The resulting solution 
was stirred overnight at rt, evaporated in vacuo and and co-evaporated three times 
from acetonitrile (20 mL). The oily residue was purified on silica using 
methanol/dichloromethane (1:4) as eluent Fractions containing the product were 
pooled and evaporated in vacuo to give the desired product (72 mg) as a colorless 

20 solid 

NMR (DMSO-J^): 5 3.60 (m, 2H), 3.73 (m, IH), 4.01 (m, 2H), 5.06 (m, IH), 5.48 
(m, 2H), 6.12 (m, IH), 6.52 (bs, 2H), 7.70 (s, IH), 10.75 (bs, IH). 
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EXAMPLE 18 

2-Aimno-5-methvl-7-fB"D-arabinofuranosvlV7g-pvTO 

Me O 

HO-A^O^ N^NH2 

h6 

5 Step A 2-Amino-7-f23,5-tri-0-benzVl-B-D-arabinofuianosvlV^ 
inethvl-7g-pvrrolor2.3>JlDvrimidine 

To a solution of 1-0-p-nitrobenzyl-D-arabinofuranose (3.81 g, 6.70 
mmol) in DCM was bubbled HBr until TLC (hexane/etiiylacetate (2:1)) showed 
complete reaction (about 30 min). The reation mixtuie was filta:ed arid evaporated in 

10 vacuo. The oily residue was taken up in acetonitrile (10 mL) and added to a 
vigorously stirred suspension of 2-amino-4-chloro-5-niethy]-7/Z-pyiTolo[23- 
rfjpyrimidine (Liebigs Ann. Chem . (1984), 4. 708) (1.1 1 g, 6.00 nunol) KOH (1.12 g, 
20.0 mmol) and tris[2-(2-metiioxyethoxy)ethyl]amine (0.216 g, 0.67 nmiol) in 
acetonitrile (80 mL). The resulting suspension ^yas stirred at rt for 30 min, filtered and 

15 evaporated in vacuo. The crude product was purified on silica using 

hexane/ethylacetate (3:1) as the eluent Fractions containing the product were pooled 
and evaporated in vacuo to give the desired product (1 .13 g) as a colorless foam. 

StepB: 2-Amino-7-6-D-arabinofuranosvl-4-^hloro-5-methvl-7H-pviroIor2^^ 

20 rflpyrinoidine 

To a precooled (-78^C) solution of the compound from Step A (0.99 g, 
1.7 mmol) in dichloromethane (30 mL) was added borontrichloride (IM in 
dichloromethane) (17 mL, 17.0 mmol) over a 10 min. The resulting solution was 
stirred at -78 for Ih, aUowed to warm to -15^C and stirred for another 3h. The 

25 reaction was quenched by addition of methanol/dichloromethane (1 r l) (15 mL), 
stirred at -15*'C for 30 min, and pH adjusted to 7.0 by addtion of NH4OH. The 

mixture was evaporated in vacuo and the resulting oil purified on silica using 
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methanol/dichloromehane (1 :9) as eluent. Fractions containing the product were 
pooled and evaporated in vacuo to give the desired product (257 mg) as a colorless 
foam. 

5 Step C: 2--Amino-7--<B-D-arabinofuranosvlV5-niethvl-7jf-pvrrolor23> 
rflpvriniidin-4(3/n-one 

To the compound from Step B (157 mg, 0.50 mmol) was added NaOH 
(2M, aqueous) (2 mL). The resulting solution was stirred at relux for Ih, cooled and 
neutralized by addition of HCl (2M, aqueous). The mixture was evaporated in vacuo 
10 and the crude product purified on silica using methanol/dichloromehane (2:8) as 

eluent. Fractions containing the product were pooled and evaporated in vacuo to give 
the desired product (53 mg) as a colorless powder. 

NMR (DMSO-rf^: 5 2.13 (d, 3H), 3.58 (m, 2H), 3.71 (m, IH), 4.00 (m, 2H), 5.09 

(m, IH), 6.22 (bs, 2H), 5.50 (m, 2H), 6.12 (m, IH), 6.64 (s, IH), 10.75 (bs, IH). 

15 

EXAMPLE 19 

2-Aniino-7-(3-deoxv-3-fluoro-B-D-ribofiiranosvlV7H-pvnx)lor23-rf1pv^ 
one 



O 




20 F bH 

A solution l-0-acetyl-2-0-benzyl-5-0-(p-toluoyl)-3-deoxy-3-fluoro- 
D-ribofuranose (410 mg, 1.01 mmol) (prepared by a niodified method described for 
similar sugar derivatives, Helv. Chim. Acta 82: 2052 (1999) and /. Med Chem,199h 
34, 2195) in anhydrous CH2CI2 (1.5 mL) was cooled to -15*^C in a dry ice/CHsCN 
25 bath. After cooling the reaction mixture for 10 min. under the argon atmosphere, 33% 
HBr/AcOH (370 (iL, 1.5 equiv.) was added slowly over 20 min keeping the bath 
temperature around -15^C. After the addition was complete, the reaction mixture was 
stirred at -lO^C for 1 hr. The solvent was removed under reduced pressure and the 
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20 



residue azeotroped with anhydrous toluene (5x10 mL). In a separate flask, 2-amino-4- 
chloro-7ff-pyrT0lo[2,3-f/]pyrimidine (210 mg, 1.2 mmol) was suspended in anhydrous 
CH3CN (10 mLXand cooled to -10°C. To this was added 60% NaH dispersion in oil 
(57 mg) in two portions, dnd the reaction mixture was stirred for 45 min. during 
which time the solid dissolved and tiie bath temperature rose to 0"C. The bath was 
removed and stirring was contmued for about 20 additional min. It was cooled back to 
-lOi C and the bromo sugar, prepared above, was taken up in anhydrous CH3CN (1,5 
mL) and added slowly to the anion of nucleobase . After the addition was complete, 
the reaction mixture was stirred for an additional 45 min allowing the temperature of 
the reaction to rise to O^C. The bath was removed and the reaction allowed to stir at 
room temperature for 3 hr. Methanol was added carefully to the reaction mixture and 
the separated solid removed by filtration. The solvent was removed under reduced 
pressure and the residual ml dissolved in EtOAc (50 mL) and washed with water 
(3x20mL). The organic layer was dried overNa2S04 and concentrated to give an oil. 
It was purified by column chromatography to furnish fully protected 2-amino-7-(5.0^ 
(p-toIuo)d)-2-0-benzyl-3-debxy-3-fluoro-p-D-ribofuranosyl)-4-chloro^ 
pyrrolo[23-fqpyrimidine (190 mg) as an ot/p mixture (1:1) . After conversion of 4- 
chloro to 4-0x0 by heating the compound with 2N NaOH/dioxane mixture at 105"C 
and after the usual workup the residue was debenzylated using 20 mol% w/w of 10% 
Pd/C and ammonium formate in refluxing methanol to give title compound after 
purification by HPLC; yield 10%. ESMS: calcd. for Ci,H,3FN404 284.24, found 
283.0 (M+1). 



2-Amino-3.4-dihvdro-4-oxo-7-f2-denxv -B-D-ribofuraiiosvlV7//-pvrmln p,^. 
cnpvrimidine-5-carbonitrile 



EXAMPLE 20 



HO 




H6 
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This compound was prepared following the procedures described in 
Synthesis 1327 (1998). 

EXAMPLE 21 

6-AmincKl-fB-D-ribofura nosvlVlg-iniidazor4.5-c1pvridin-4f5ffl-one 

O 




This compound was prepared following the conditions described in J. 

Am. Chem. Soc. 97: 2916 (1975). 

I 

EXAMPLE 22 

2-Amino-7-(2-0-iriethvl-B-D-ribofura nosvlV5H-nwolor3.2-^Dvrimidin-4-r3ffl-oTie 

O 




H6 OMe 

15 To a suspension of 2-anuno-5iy-pyiiD]o[3,2-tqpyrinudin-4(3^-one (9- 

deazaguanine) (0.454 g, 3.0 mmol) (prepared according to J.0rg.Chem.l91i, 43, 
2536) and 2-<?-methyl-l,3,5-tri-0-benzoyl-P-D-ribofuranose (1.54 g, 3.2 mmol) in 
dry nitromethane (23 mL) at 60°C was added stannic chloride (0.54 mL, 4.5 mmol). 
The reaction mixture was maintained at this temperature for 0.5 hr.,' cooled and 

20 poured onto ice-cold saturated, sodium bicarbonate solution (70 mL). The insoluble 
material was filtered through florisil and washed with ethyl acetate (3x50 mL). The 
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filtrate was extracted with ethyl acetate (2x50 mL), and organic layer was washed 
with water (2x50 mL), dried over Na2S04 and evirated to dryness. Chromatography 
of the resulting foam on silica gel with CHiCla/MeOH(14:l) afforded the benzoylated 
product (0.419 g, 30% yield). To a suspension of the benzoylated product (0.25 g) in 
5 MeOH (2.4 mL) was added t-butylamine (0.52 mL) and stkring at room temperature 
was continued for 24 hrs. followed by addition of more t-butylamine (0.2 mL). TTje 
reaction mixture was stirred at ambient temperature overnight, concentrated in 
vacuum and the residue was purified by flash chromatography over silica gel using 
CH2a2/MeOH (85:15) as eluent giving the desired compound as a foam (0.80 g). 
10 »H NMR (200MHz. DUSO-dg): 5 Hz3.28 (s, 3H), 3.40-3.52 (m. 3H), 3.87-3.90 (m, 
IH). 4.08^.09 (m, IH), 4.67 (d. IH, / = 5.2 Hz). 4.74 (d, IH, / = 7.0 Hz), 5.62 and 
5.50 (2 bs. 3H), 7.14 (d, IH, 7= 2.6 Hz), 10.43 (S.1H), 11.38 (s,lH); 
Mass spectnmj: baled, for C,2Hi6N405: 296.28; found: 295.1 1. 

15 EXAMPLE 23 

i 

6-Amino-l-f3-deoxv-B-D-ribofig anosvlVl fy-imida2or4.5-c1pvridine-4f5m-one f3'- 
deoxv-3-deaza-guanosine) 



b 




20 Step A: 3-Deoxv-4> 0-p-toluQvl-2-0^acetvl>B.D-ribofuranosvl acetate 

A solution of 3-deoxy-4-a•^^^toluoyH,2-0-isop^opylidene-p-D- 
ribofuranose (Nucleosides Nucleotides 1994, 13, 1425 and Nucleosides Nucleotides 
1992, 11, 787) (5.85 g, 20 mmol) in 64 mL of 80% acetic acid was stirred at 85''C 
overnight. The reaction mixture was concentrated and co-evaporated with toluene. 

25 The residue was dissolved in 90 mL of pyridine. Acetic anhydride (6 mL) was added 
at 0°C, and the reaction mixture was stirred at rt for 6 h. After condensation, the 
residue was dissolved in ethyl acetate and washed with aqueous sodium bicarbonate 
solution, water and brine. The organic phase was dried and concentrated. 
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Chromatographic purification on a silica gel column using 3:1 and 2:1 hexanes- 
EtOAc as elu«it provided 5.51 g of the tide compound as a clear oil. 
'HNMR (0X33): 8 1.98 (s. 3H), 2.09 (s, 3H). 2.15-2.35 (m, 2H), 2.41 (s. 3H). 4.27- 
4.42 (m. IH). 4.46-4.58 (m. IH), 4.65-4.80 (m, IH). 5.21-5.28 (m, IH). 6.20 (s. IH), 
5 7.19-7.31 (m,2H), 7.90-8.01 (m,2H). 

StepB: Methvl 5^v anomethvl-1 -G-deoxv-4-0-p-toluovl-2-0-acetvl-B-D- 
ribofuranosvl)-l/f-imida2ole-4-carboxvlate 
A mixture of methyl 5(4)-(cyanomethyl)-17/-imidazole-4(5> 
10 carboxylate (7. Am. Chertu Soc.1976, 98, 1492 and / Org. Chem.1963, 28, 3041) 
(1.41 g, 8.53 mmol), 1,1,1,3,3,3-hexamethyldisilazane (20.5 mL) and ammonium 
sulfate (41 mg) was refluxed at 125''C under Ar atmosphere for 1 8 h. After 
evaporation, the residue was dissolved in 10 mL of dichloroethane. A solution of the 
compound from Step A (2.86 g. 8.5 mmol) in 10 mL of dichloroethane was added 

15 followed by addition of SnCU (1.44 mL. 3.20 g). The resulted reaction mixture was 
stirred at rt overnight and diBited \vith chloroform. The mixture was washed with 

aqueous sodium bicarbonate^ water and brine. The organic phase was dried and 
concentrated. Chromatographic purification of the residue on a silica gel column 
using 1:1, 1:2, and 1:3 hexanes-EtOAc as eluent provided 2.06 g of the title 

20 compound as a white foam. 

NMR (CDCI3) 6 2.15 (s. 3H). 2.28-2.40 (m, 2H), 2.38 (s, 3H), 3.87 (s. 3H), 4.46 
(dd, 2H, / = 7.6, 2.0 Hz), 4.50-4.57 (m, IH), 4.68-4.75 (m, IH), 4.76-4.83 (m, IH), 
5.41 (d. IH, /= 5.6 Hz), 5.91 (s, IH), 7.24-7.28 (m, 2H), 7.80 (s, IH), 7.82-7.90 (m, 
2H); "C NMR (CDCI3) 5 13.1, 20.7, 21.6, 31.5, 51.8, 63.5. 77.9, 79.2, 89.8, 1 15.1, 

25 126.2. 129.3. 129.5, 131.7. 135.1, 144.3, 163.1. 166.1, 170.3. 

^^P^- 6-Amino-l-f3-deoxv-B-D-Ti bofuranosvlVlg-imidazor4.S-c1pvridine- 
4(5H)-one 

A solution of the compound from Step B (2.00 g, 4.53 mmol) in 
30 methanol (30 mL) was saturated with ammonia at 0°C. Concentrated ammonium 

hydroxide (30 mL) was added and the sealed metal reactor was heated at 85°C for 5 h. 
After cooling to rt, the reaction mixture was transferred directly onto a silica gel 
column. Hution with 4:1, 3:1 and 2:1 CHaj-MeOH provided 0.79 g of the tide 
compound as a white solid. 
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'HNMR (DMSO-dif): 8 2.41-2.46 (m. IH). 2.52-2.58 (m. IH), 3.48-3.55 (m, IH), 
3.60-3.70 (m, IH), 4.27-4.36 (m, 2H), 4.97 (t, IH. J = 5.6 Ife), 5.44 (s. IH). 5.47 (s. 
IH), 5.60 (s, 2H), 5.66, (d, IH, 7= 4.4 Hz), 7.90 (s. IH), 10:33 (s, IH); "C NMR 
(DMSO ife) 5 34.1, 62.4, 70.4, 74.7, 80.4, 91.6. 123.0, 136.3. 141.9, 147.6. 156.5. 

5 

EXAMPLE 24 

6-Amino-l-f3-deox v-3-fluoro-fi-D-ribofin^a <tYl>-lW-imiriaT or4.5-c1pvridin 
one 



O 




10 ; f 

9 

This compound was prepared in a manner similar to the preparation of 

2-amino-7-(3-deoxy-3-fluoro-P-D-ribofuranosyl)-7/f-pynx)]o[2,3-d]pyrimidin-4(3fl)- 
one (Example 23). 

15 EXAMPLE 25 

l-(B-D-RibofuranosvlVl g-pvraz61or3.4-<flpvrimidin-4GHVonerAllopuTinol 
riboside) 



O 




This compound was obtained from commercia] sources. 
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EXAMPLE 26 
9-(B"D-ArabinofiiranosvlV9/^piirin-6flflVoTie 

O 




\ Z-OH 

5 This compound was pr^aied following the conditions described in 7. 

Med. Chem. 18: 721 (1975). 

EXAMPLE 27 

10 2-Amino-7-(2-0-methvl-B -D-ribofiiranosvlWg-Dvrro]or23-^fl^^ 
thione 




A solution of the compound from Example 11, Step C (I.5g, 5 mmol), 
thiourea (0.4 g, 5.2 mmol.) in abs. EtOH was refluxed for 16 his. The solution was 
15 evaporated and the resulting oil chromatographed on silica gel (EtOAcMeOH: 9/1) to 
afford the desired product as a foam. 

'H NMR (DMSO-de): 6 3.30 (s. 3H), 5.00-5.06 (t. IH), 5.19 (d. IH), 5.95 (d. IH). 
6.43 (d, IH), (d. IH). 

20 
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EXAMPLE 28 

2-Aimno-7-^B-D-ribofiirm osvlV7H-pviTolor2.3-rflp YnfnHin 

5 This compoimd was obtained from commercial sources. 

EXAMPLE 29 

2-Amino-4-ch]oro-7-(2-0-methvl-B-D-ri W uranosvl)-7gipviTolor2.3-d1pvrimidin 
10 caibonitrile 

1 NC CI 




15 



H(3 hUe. 

This compound was prepared as described in Bcample 13, Steps A-C. 
EXAMPLE 30 

2-Amino-4-ch]o^o-5-ethvl-7-f2-Q-methvl-R- n-ribof^lTanosvn-7/^pv^ro^ 
pvrimidine 
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h6 bMe 



Step A: 2-Amino-4>chloro-5-ethv]-7-r3,5-0-ftetraisoDn)pvldisiloxane-L3-> 
divlVS~D-ribofuranosvl1-7//~p\qTolor23-rflpvrimidine 
To a solution of 2-amino-4-chloro-5-ethyl-7-{P-D-ribofuraiiosyl)-7if- 
5 pyrrolo[23-^(]pyrinudine (0.300 g, 0.913 mmol) in pyridine.(8 mL) was added 13- 
dichloro-l,l,3»3-tetraisopropyldisiloxane (0317 g, 1.003 mmol) dropwise. The 
solution stirred at rt overnight, evaporated in vacuo to an oil, and evaporated 
repeatedly from acetonitrile. The crude product was purified on silica using 5% 
methanol in dichloromethane as eluent. Fractions containing the product were pooled 
10 and evaporated in vacuo to give the desired product (254 mg) as a colorless solid. 

Step B: 2-Amino-4-chlonv5-ethvl»7-(2-0-methvl-P-D-ribofiM:anos 
pvrrolor23-£npvrimidine 

To a pre-cooled solution (O^'C) of the compound from step A (192 mg, 
15 0 337 mmol) in DMF (3 mL) was added methyl iodide (45.4 mg, 0.320 mmol) and 
then NaH (60 % in mineral oil) (8.10 mg, 0.320 mmol). The mixture was stirred at rt 
for 45 minutes and then poured into a stirred mixture of saturated aqueous ammonium 
chloride (10 mL) and ethyl acetate (10 mL). The organic phase phase was washed 
with brine (10 mL) and dried over MgS04 and evaporated in vacuo. The resulting 

20 oily residue was taken up in THF (5 mL) and tetrabutylammonium fluoride (1.1 
mmol/g on silica) (0.529 g, 0.582 mmol) was added. The mixture was stirred for 30 
minutes, filtered and the filtrate evaporated in vacuo. The crude product was purified 
on silica using 10% methanol in dichloromethane as eluent. Fractions containing the 
product were pooled and evaporated in vacuo to give the desired product (66 mg) as a 

25 colorless solid. 

iH NMR (DMSO-rfp: 5 1.15 (t, 3H), 2.65 (q, 2H), 3.20 (s, 3H), 3.51 (m, 2H), 3.84 

(m, IH), 4.04 (m, IH), 4.21 (m, IH), 4.99 (m, 2H), 5.15 (m, 2H), 6.07 (m, 2H), 6.62 
(sbr,2H),7.06(s,2H). 
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EXAMPLE 31 

2-Amino-4-chloro-5-methyl-7-(2-(?-methyl-j5-D-riboftnMosyl)-^^ 
^pyrimidine 



Me CI 




; J J! 

5 . Hd t>Me 

This compound was prepared as described in Example 14, Step A. 
'H NMR (CD3OD): 6 2.33 (s, 3H), 3.39 (s. IH), 3.72, 3.83 (2dd, 2H), 4.03 (m, IH), 
4.17 (t, IH), 4.39 (dd, IH), 5.98 (d, IH. 7= 5^ Hz), 6.7 (bs. 2H), 7.01 (s, IH). 

10 I EXAMPLE 32 

2-Anrino-4-chlor o-7-(2-Q-methvI-B-D-ribofuranosvlV7g-pvnx)lor23-d1pvrimidine 

CI 




>2 



HO OMe 

This compound was synthesized as described in Example 11, Steps A-C. 

15 

EXAMPLE 33 

2-Amino-4-chloro-7-(B-D-ribofuranosvlV7fl-pvrrolor2,3-^pvrimidine 
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This compound was prepared following the procedures described in 
Helv. Chim. Acta 73: 1879 (1990). 

EXAMPLE 34 

2-Anano-4-chloro-5-methvl-7-fP-D-ribofiiranosvlV7j/-pvn:olof23-fflpvrimidine 

Me 9' 




The compound was prepared as described in Example 12, Steps A-B. 
10 'H NMR (DMSO-d^f): 5 2.29 (s, 3H), 3.54 (m, 2H), 3.84 (m, IH), 4.04 (dd, IH, Jj = 
3.0, h = 4.9 Hz), 4.80-5.50 (bs, 3H), 4.28 (t, IH), 5.98 (d, IH, /= 6.5 Hz), 6.7 (bs, 
2H), 7.13 (s, IH). 

EXAMPLE 35 

15 

2-Ainino-4-chloro-5-ethvl-7-(B-D-ribofiiranosvl)-7H-pvrrolof23-£npvrimidine 



-83- 



wo 02/057425 



PCTAJS02/01531 




This compound was prepared as described in Example 9, Steps A-B. 
'H NMR (DMSO-de): 5 2.00 (t, 3H), 2.69 (q, 2H), 3.48 (dd. 1 H. /y = 4.2 Hz, J2 = 
11.8 Hz), 3.56 (dd, IH, J, = 4.3 Hz, = 11.8 Hz), 3.80 (m, IH), 4.02 (dd, IH, Jj = 
5 3.1 Hz, J2 = 5.0 Hz), 4.62 (t, IH), 5.0 (bs, 2H). 5.2 (bs. IH), 5.60 (d, IH, /= 6.4 Hz), 
6.61 (bs,2H), 7.09 (s,lH). 

EXAMPLE 36 
10 2-Amino-6-cMoro-94P-I>-nbofofanosvl)-9g-purine 



CI 




h6 bn 



This compound was obtained from commercial sources. 

EXAMPLE 37 

15 

2-Amino^hIoro-7-(B-D-ribofu ranosvIV7H-pvm)lof2.3-Jlpvrimidine-5-cari^ 
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This compound was prepared following the procedures described in 7. 
Cherfh Soc. Perkin Trans. 7, 2375 (1989). 

EXAMPLE 38 

2-Amino-4-chloro-7-(2Hieoxv-2>fluoro>B-D-arabinofnranosvl)-7J^^^ 
dlpvrimidine 



CI 




HO-'\^a£ N NH2 

10 This compound was prepared following the procedures described in J. 

Med. Chem. 38: 3957 (1995). 

EXAMPLE 39 

15 2-Amino-4-chloro-5-methvl-7-^B-D-arabinofuranosvlV7/^pvnjolof2.3-<npvriTnidine 
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\ LoH 

h8 



The compound was prepared as described in Example 18, Steps A-B. 
1h NMR (DMSO-d^: 5 2.24 (s, 3H), 3.60 (m, 3H), 3.98 (m, 2H). 4.98 (m. IH). 5.43 
(bs, 2H), 6.25 (s, IH), 6.57 (bs, 2H), 7.01 (s, IH). 

5 

EXAMPLE 40 

2'-0-Methvlcvtidirie 




h6 OMe 



This compound was obtained from conuneidal sources. 
EXAMPLE 41 

3'-Deoxv-3'-methvlcvtidine 



HO 




15 Me OH 
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This compound was prepared following the procedures described in 
U.S. Patent No. 3,654^62 (1972), which is incorporated by reference herein in its 
entirety. 

5 EXAMPLE 42 

3*^Deoxvcvtidine 

NH2 

5h 

This compound was obtained from commercial sources. 
10 j 

' ■ EXAMPLE 43 

3'-Deoxv-3*-fluQrocvtidine 

NH2 

M i 

HO- 



F OH 

15 This compound was prepared following the procedures described in 

J. Med. Chem. 34: 2195 (1991). 

EXAMPLE 44 
20 1 -CB-D-Arabinofuranosvl')- 1 jy-cvtosine 
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NH2 

ri 

This compound was obtained from coimneicial sources. 
EXAMPLE 45 

5 

2*-Amino-2'-deoxvcvtidine 

NH2 

; . M 

Ha 1nih2 

This compound was obtained from commercial sources. 

10 

EXAMPLE 46 

3 ' -Deoxv-3 '-methvluridine 

mI bH 
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This compound was prepared following procedures described in U.S 
Patent No. 3,654,262, which is incorporated by reference herein in its entirety. 



EXAMPLE 47 

5 

3 ^-Deox v-3 '-fluorouridine 



O 



<f NH 
F t)H 

This compound was prepared following procedures described in J. 
Med. Ckem. 34: 2195 (1991^ and FEES Lett. 250: 139 (1989). 
10 . , 

• EXAMPLE 48 

3'-Deoxy-5-methyIuridine 

Me O 
^ NH 

^5 This compound was obtained from conunercial sources. 

EXAMPLE 49 
3'-Deoxv-2'-0-f2-methoxvethvlV3'-methvl>-5-methvluridinft 
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^OMe 

Step A: 5'-0>(rgrt>butvldiphenvlsilvlV3^-0-(3-rerr>butvlphenoxvthiocarbon^ 
2'-0-f2-methoxvethvlVS-methvluridine 

TTiis compound was synthesized by the reaction of the coiresponding 
5 5'-protected-2*-substituted-5-methyluridine with 3'-r-butylphenoxy 

chlorothionofonnate following the similar procedure for the preparation of 3'- 
phenoxythiocarbonyl-2'-deoxy derivative (Synthesis 1994, 1163). 

StepB: 5'-0-agrr-ButvldiphenvlsavlV3'--deoxv-y.>0-f2-methoxvethvlV3^>f2- 
10 phenvlethenvl)"5-methvluridine 

To a solution of 5'-0-(ferr-butyldiphenylsilyl>3'-0-(3-/gr^- 
butylphenoxythiocatbonyl)-2'-0-(2-methoxyethyl)-5-methyluridine (15.0 g, 20.0 
mmol) in 150 mL of benzene was added PhC!H=CHSnBu3 (1 8.7 g, 50 mmol). The 

resulting solution was degassed three times with argon at rt and 45**C. After AIBN 
15 (1 .0 g, 6. 1 mmol) was added, the resulting solution was refluxed for 2 h. Another 
portion of AIBN (1.0 g, 6.1 mmol) was added after cooling to about 40°C and 
refluxed for 2 h. This procedure was repeated until the starting material disappeared. 
The solvent was evaporated and the residue was purified by flash chromatography on 
a siUca gel column using 10:1 and 5:1 hexanes-EtOAc as eluent to give 1.74 g of 5*- 
20 0-(re/t-butyldiphenyIsiIyl)-3'-deoxy-2^0-(2-methoxyethyl>3'-(2-phe 
methyluridine as a white foam. 

'hNMR (CDCI3): 5 1.13, (s, 9H), L43 (s. 3H), 3.18-3.30 (m, IH), 3.37 (s, 3H), 
3.58-3.62 (m, 2H), 3.79-3.80 (m, 2H). 4.06-4.37 (m, 4H), 4.95 (s, IH), 6.25-^.40 
(m, IH), 6.62 (d, IH. J= 16 Hz), 7.27-7.71 (m, 16 H), 9.21 (s, IH); ^^C NMR 
25 (CDCI3) 6 11.9, 19.6, 27.2, 45.3, 59.0. 62.1, 70.2, 72.0, 84.6, 87.1, 90.2. 110.4, 122.8, 

126.4, 127.8, 128.0. 128.3, 128.6. 130.0, 132.7, 133.5, 134.7, 135.3, 135.4, 136.9, 
150.3, 154.1; HRMS (FAB) m/z 641.302 (M + H)"" {Cy^Yi^^lif^^Si requires 641.304). 
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Step C: - 5'-0-(/gr?-ButvldiphenvlsilvlV3'>deoxv-3^~(hvdroxvmethvl)-2'>0-(2- 
methoxvethvl)-5-inethvluridine 

To a solution of 5'-0-(fert-butyldiphenylsilyl)-3'-deoxy-2'-0-(2- 
methoxyethyl)-3'-(2-phenylethenyl)-5-methyluridine. (5.0 g, 7.8 mmol) and 
5 methyliDorpholine iV-oxide (NMO) (1.47 g, 12.5 mmol) in 150 mL of dioxane was 
added a catalytic amount of osmium tetraoxide (4% aqueous solution, 2.12 mL, 85 
mg, 0.33 mmol). The flask was covered by aluminum foil and the reaction mixture 
was stirred at rt overnight. A solution of NaI04 (5.35 g, 25 nmiol) in 5 mL of water 

was added to the above stinred reaction ndxture. The resulting reaction mixture was 
10 stiired for 1 h at O^C and 2 h at rt, followed by addition of 10 mL of ethyl acetate. The 
mixture was filtered through a celite pad and washed with ethyl acetate. The filtrate 
was washed 3 times with 10% aqueous Na2S203 solution until the color of aqueous 

phase disappeared. The organic phase was further washed with water and brine, dried 
(Na2S04) and concentrated. Hie aldehyde thus obtained was dissolved in 130 mL of 
15 ethanol-water (4:1, v/v). Sodium borohydride (NaBH4) (1.58 g, 40 nmiol) was added 

in portions at O'^C. The resulting reaction mixture was stirred at rt for 2 h and then 
treated with 200 g of ice water. The mixture was extracted with ethyl acetate. The 
organic phase was washed with water and brine, dried (Na2S04) and concentrated. 

The resulted residue was purified by flash chromatography on a silica gel column 
20 using 2:1, 1:1 and 1:2 hexanes-EtOAc as eluents to give 1.6 g of 5*-(9-(rer/- 
butyldiphenylsilyl)-3' -deoxy-3 '-(hydroxymethyl>-2'-0-(2-methoxyethyl)-5- 
methyluridine as a white foam. 

H NMR (CDCI3): 8 1.09 (s, 9H), 1.50 (s, 3H), 2.25 (bs, IH), 2.52-2.78 (m, IH), 338 

(s, 3H), 3.52-4.25 (m, lOH), 5.86 (s, IH), 7.38-7.70 (m, IIH), 9.95 (bs. IH); 
25 NMR (CDCI3): 8 12.1, 19.5, 27.1. 43.1, 58.2, 58.8, 63.1, 69.5, 71.6, 82.3, 86.1, 89.8, 

110.5, 128.0. 130.2, 132.5, 133.2, 135.1, 135.3, 136.5, 150.5, 164.4; HRMS (FAB) 
m/z 569.268 (M + H)^ {C^JEL^^NJOySi requires 569.268). 

Step D: 5'-0-(rgyt-Butvldiphenvlsilvn-3'-deoxv-3'>(iodomethvn-2*-0-(2- 
30 methoxvethvl)-5-methvluridine 

To a solution of 5'-0-(/e7t-butyldiphenylsilyl)-3'-'deoxy-3'- 
(hydroxymethyl)-2*-0-(2-methoxyethyl)-5-methyluridine (1.34 g, 2.35 nunol) in 25 
mL of anhydrous DMF under stirring was added sequentially at 0°C 2,6-lutidine (0.55 
mL, 0.51 g, 4.7 mmol, 2.0 equiv) and methyl triphenoxy-phosphonium iodide (1.28 g. 
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2.83 mmol). The resulting reaction mixture was stirred at O^'C for 1 h and at rt for 2 h. 
The reaction mixture was diluted with 10 mL of ethyl acetate and washed twice with 
0.1 N Na2S203 aqueous solution to remove iodine. The organic phase was further 
washed with aqueous NaHC03 solution, water, and brine. The aqueous phases were 
5 back extracted with ethyl acetate. The combined organic phases were dried (Na2S04) 
and concentrated. The resulting residue was purified by flash chromatography on a 
silica gel column using 5:1, 3:1 and then 1:1 hexanes-EtOAc to provide 1.24 g of 5*- 

0-(ferr^butyldiphenylsilyl)-3*Kleoxy-3Miodomethyl)-2'-0-(2-methox^^^ 
methyluridine as a white foam. 

10 'h NMR (CDCI3): 51.13 (s, 9H), 1.62 (s, 3H), 2.64-2.85 (m, 2H), 3.20-3.35 (m, IH), 
3.38 (s, 3H), 3.50-4.25 (m, 8H), 5.91 (s, IH), 7.32-7.50 (m, 6H), 7.60 (s, IH), 7.62« 
7.78 (m, 4H), 10.46 (s, IH); ^^C NMR (CDCI3): 6 12.4, 19.5, 27.2, 45.0, 58.0, 62.5, 
70.3, 71.9, 83.3, 85.6, 88.9, 110.5, 128.1, 128.2, 130.1, 130.3, 132.4, 132.9, 135.0, 
135.4, 135.6, 150.7, 164.7; HRMS (FAB) m/z mMl (M + H)^ (CgoH^^p^Si 

15 requires 679.170). 

StepE: 3'-Deoxv-3^ ft(KtomethvlV2^0.f2-methoxvethvlV5-methvluridine 

A solution of 5'-C>-(/err-butyIdiphenyIsilyl)-3'-depxy-3'-(iodoinethyI)- 
2'-0-(2-methoxyethyl)-5-methyluridine (1.12 g, 1.65 mmol) and triethylamine 
20 trihydrofluoride (1.1 mL, 1.1 g, 6.7 mmol) in 20 mL of THF was stiixed at rt for 24 h. 

The reaction mixture was diluted with 50 mL of ethyl acetate and washed with water 
and brine. The organic phase was dried (Na2S04) and concentrated. The residue was 

purified by flash chromatography on a silica gel column. Gradient elution with 2:1, 
1:2 and then 1:3 hexanes-EtOAc provided 504 mg of the title compound as a white 
25 foam. 

'h NMR (CD3OD): 8 1.87 (s. 3H), 2.47-2.75 (m, IH), 3.18-3.37 (m, 2H), 3.40 (s, 
3H), 3.59-3.70 (m, 2H), 3.71-3.90 (m, 2H), 3.92-4.17 (m. 4H). 5.87 (s, IH), 8.17 (s, 
IH); C NMR (CD3OD): 5 12.5, 45.2, 59.2, 60.9, 71.0, 72.9, 85.4-, 87.3, 89.7, 1 10^5, 
138.0, 152.1, 166.6; HRMS (FAB) m/z 441.053 (M + H)^ (C^Hj^IN^Og requires 
30 441.052). 

StepF: 3'-Deoxv-5'-C>-f4-methoxvtritvlV3'-fiodomethvn-2'-0-<'2- 
methoxvethvl)-5-methvluridine 



-92- 



wo 02/057425 



PCT/US02/01531 



A mixture of 3'-deoxy-3'-(iodomethyl>2'-0-(2-methoxyethyl)-5- 
methyluridine (472 mg, 1 . 1 mmol), diisopropylethylamine (0.79 mL, 0.586 g, 4.5 
mmol), andp-anisyl chlorodiphenyl methane (4'-methoxytrityl chloride, MMT-Cl) 
(132 g, 4.27 mmol) in 6 mL of ethyl acetate and 4 mL of THF was stined at rt for 48 
5 h. The reaction mixture was diluted with ethyl acetate and washed with water, 
followed by brine. The organic phase was dried (Na2S04) and concentrated. The 
crude product was purified by flash chromatography on a silica gel column. Gradient 
elution with 3:1, 2:1, 1 :1, and then 1:3 hexanes-EtOAc provided 690 mg of the title 
compound as a white foam. 

10 'h NMR (CDCI3): 5 1.46 (s, 3H), 2.70-2.89 (m, 2H), 3.19^.3.31 (m, 2H), 3.39 (s, 3H), 
3.58-3.70 (m, 3H), 3.80 (s, 3H), 3.80-3.94 (m, IH), 4.05-4.25 (m, 3H), 5.89 (s, IH), 
6.85 (s, IH), 6.89 (s, IH), 7.24-7.48 (m, 12H), 7.78 (s, IH), 9.69 (s, IH); '^C NMR 
{COa^: 6 12.3, 45.3, 55.3, 58.9, 61.6, 70.2, 71.9, 82.6, 85.6, 87.1, 89.1, 110.5, 
113.4, 127.4, 128.2, 128.4, 130.5, 134.7, 135.3, 143.6, 143.7, 150.5, 158.9, 164.6. 

15 HRMS (FAB) m/z 735.155 (M + Na)''(C34H37mp7Narequires 735.154). 

StepG: 3'-Deoxv-5'- iC>-f4-metfaoxvtritvn-3'-niethvl-2'-0.f2-metfaoxvethvlV5- 
methyluridine 

A mixture of ammonium phosphinate (410 mg, 5.1 mmol) and 
20 1,1,1,33,3-hexamethyldisilazane (1.18 mL, 0.90 g, 5.59 mmol) was heated at 100- 
110°C for 2 h under nitrogen atmosphere with condenser. The intermediate 
BTSP(bis[trimethylsilyl]phosphinate) was cooled to 0°C and 5 mL of 
dichloiomethane was injected. To this mixture was injected a solution of 3'-deoxy-5*- 

CM4-niethoxytrityl)-3'-(iodomethyl>2'-O-(2-methoxyethyl)-5-methyluridine(0.78g, 
25 1.1 mmol) and diisopropylethylamine (0.39 mL, 287 mg, 2.23 mmol) in 7 mL of 
dichloromethane. After the reaction mixture was stirred at rt ovennight, a mixture of 
THF-MeOH-NEt3 (3/6/03 mL) was aided and continued to stir for 1 h. The reaction 
mixture was filtered through a pad of celite and washed with dichloromethane. The 
solvent was evaporated and the residue was purified by flash chromatography on a 
30 silica gel column using 2: 1, 1 : 1, and then 1 :2 hexanes-EtOAc as eluent providing 380 
mg of the title compound. 

'h NMR (CDCI3): 5 0.97 (d, 3H, J = 6.8 Hz). 1.41 (s. 3H). 2.35-2.55 (m, IH), 3.27 
(dd. IH, J = 11.0, 3.0 Hz), 3.37 (s, 3H), 3.54-3.68 (m. 3H), 3.79 (s, 3H), 3.75-3.87 
(m. IH), 3M (d, IH. y = 5.0 Hz). 4.03-4.16 (m, 2H). 5.84 (s, IH). 6.83 (s, IH), 6.87 
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(s, IH), 7.20-7.37 (m. 8H), 7.39-7.50 (m. 4H). 7.86 (s. IH), 9.50 (s. IH); "c NMR 
(CDCI3): 8 8.7, 12.1. 35.6. 55.3, 59.0, 61.7, 69.8, 72.1, 85.4. 86.4, 86.7, 89.8, 110.0, 
113.3. 127.2. 128.0, 128.4, 130.4, 135.0, 135.7. 143.9. 150.5. 158.8. 164.6. 
HRMS (FAB) mk 609.256 (M + Na/ requires 609.257). 

5 . ' 

StepH: 3'-Deoxv-3'-methvl-2'-0-r 2-methoxvethvlV.5-methvluridine 

Triflu(m)acetic add (1.5 inL) was added dropwise to a stined solution 
of 3*-deoxy-5'-0-(4-inethoxytrityl)-3^methyI-2'-0-(2-methoxyethyl)-^^ 
(370 mg, 0.63 mmol) in 50 mL of cWoroform at 0 "C. The mixture was stirred at rt 

10 for 30 min, concentrated, and then dissolved in ethyl acetate. The solution was 
washed with dUute sodium bicarbonate and brine. The organic phase was dried 
(Na2S04) and concentrated. The resulting residue was purified by flash 
chromatography on a silica gel column. Elution with 1:1, 1:3 and tiien 0:1 hexanes- 
EtOAc provided 170 mg of the title compound as a white foam. 

15 H NMR (C3X33): 6 1.03 (d, 3H. 7= 6.8 Hz). 1.83 (s. 3H). 2.20-2.40 (m, IH), 3.10- 
3.28 (m, IH). 335 (s. 3H). 2^50-4.15 (m. lOH). 5.81 (s. IH), 7.89 (s, IH). 9.77 (s. 
IH); C NMR (CDQj): 6 8v9. 12.4. 34.7, 59.0. 60.6, 69.7. 72.0, 86.3. 89.8. 109.7. 
136.9. 150.4, 164.7. HRMS (FAB) mJz 315.154 (M +H)* (Cj^HgNp^ requires 
315.155). 

20 EXAMPLE 50 



2'-Amino-2'-deoxvuridine 



O 



\ NH 

This compound was prepared following the procedures described in J. 
25 Or^.C/iCTi.61: 781 (1996). 
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EXAMPLES! 

3'-Deoxvuridine 



HO 




' 5 This compound was obtained from ccmunerdal sources. 

EXAMPLE 52 

2'-C-Methvladenosine 




\ UMe 

10 Hd t)H 

This coinpound was prepared following the conditions described in 
/.Med Cfcem. 41: 1708 (1998). 

EXAMPLE 53 

15 

3'-Deoxvadenosine fCoidvcepin') 
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This compound was obtained fircan commercial sources. 
EXAMPLE 54 

5- • " 

3'-An]dno-3'-deoxyadenosine 

NH2 

This compound was piepaied following the conditiGns described in 
Tetrahedron Lett. 30: 2329 (1989). 

10 

EXAMPLE 55 

8-Bromoadaiosine 

NH2 

^5 This compound was obtained from commercial sources. 

-96- 



wo 02/057425 



PCT/DS02/01531 



EXAMPLE 56 

• 2*-0-Methvladenosine 

NH2 

Co 

5 HO bMe 

This compound was obtained from conmiercial souixies. 

EXAMPLES? 

\ • 

10 3'-Deoxv-3'-fluoroadenQsinfe 



NH 



'2 



CO 

This compound was prepared following the procedures described in J. 
Med. Chem. 34: 2195 (1991). 

15 EXAMPLE 

6-Methvl-9-(^B-D-ribofuranosvlV-9jy-p iirinR 
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Me 



HO bH 

This compound was prepaid foUowing the procedures desOT 
Nucleosides. Nucleotides, Nucleic Acids 19: 1123 (2000). 

^ EXAMPLE '>9 

2'3'.S'-tri- 0-acetvl-8-mettivlsulfonvladenosine 

Acd t)Ac 

EXAMPLE 60 

10 

l-MethYl-9-r23,5-tri-r?-(D4oluovlVp- 0-ribofiiranmYl1-9/^Durine-6nyr) -thi^ 
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N 





4-Amino-7-(2-C-methvl-B -D-arabinofaranosvlV7H-pviTolbr23-/f]pvrimirfi^ 




5 H(5 "Me 

To chromium dioxide (1.57 g, 1.57 nunol) in dichloromethane (DCM) 
(10 mL) at 0°C was added acetic anhydride (145 mg, 1.41 mmol) and then pyridine 
(245 mg, 3.10 mmol). The mixture was stined for 15 min, then a solution of 7-[3,5- 
0-[l 433-tetiakis(l-methyletf)yl)-l ,3-disiloxanediyl]-P-D-riboftiianosyl]-7i^^ 

10 pyiiolo[2,3-ifJpyrimidhi-4-amine [for preparation, see J. Am. Chem. Snc. 105: 4059 
(1983)J (508 mg, 1.00 mmol) in DCM (3 mL) was added. The resulting solution was 
stirred for 2 h and then poured into ethyl acetate (10 mL), and subsequently filtered 
through silica gel using ethyl acetate as the eluent. The combined filtrates were 
evaporated in vacuo, taken up in diethyl ether/THF (1:1) (20 mL), cooled to -78''C 

15 and methylmagnesium bromide (3M, in THF) (3.30 mL, 10 mmol).was added 

dr{q)wise. The mixture was stirred at -78°C for 10 min, then aUowed to come to room 
temperature (rt) and quenched by addition of saturated aqueous ammonium chloride 
(10 mL) and extracted with DGM (20 mL). The organic phase was evaporated in 
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vacMo and the crade product purified on silica gel using 5% methanol in 
dichloromethane as eluent. Fractions containing the product were pooled and 
evaporated in vacuo. The resulting ofl was taken up in THF (5 mL) and 

tetrabutylanmionium fluoride (TBAF) on siKca (U mmoyg on silica) (156 mg) was 
5 added. The mixture was stirred at it for 30 min, filtered, and evaporated in vacuo. 
The crude product was purified on silica gel using 10% methanol in dichlaromethane 
as eluent Fractions containiiig the product were pooled and evaporated in vacuo to 
give the desired compound (49 mg) as a colorless solid. 

IHNMR (DMSO-rf^: 6 1.08 (s, 3H). 3.67 (m, 2H). 3.74 (m. IH). 3.83 (m. IH), 5.19 
10 (m, IH), 5.23 (m, IH), 5.48 (m, IH), 6.08 (IH, s), 6.50 (m, IH), 6.93 (bs, 2H). 7.33 
(m,lH),8.02(s,lH). 

EXAMPLE 62 

15 4-Amino-7-f?rC-methvl-B-D- nbofurai^osv1V7g-pvrm1nr2.^-/flDvrimi^ 



JLj 

\_>CH3 

3,5-Bis-C>-(2.4-dichloroDhe nvlmethvn-1 -O-methvl-a-D-ribofuranose 

A mixture of 2-C>-acetyI-3,5-bis-O-(2,4-dichlorophenyhnethyl)-l-0- 
methyl-a-D-ribofuranose [for preparation, see: Helv. Chim. Acta 7«: 4«fi (1995)] 

20 (52.4 g, 0.10 mol) in methanolic K2CO3 (500 mL, saturated at room temperature) was 
stirred at room temperature for 45 min. and then concentrated under reduced pressure. 
The oily residue was suspended in CH2CI2 (500 mL), washed with water (300 mL + 5 
X 200 mL) and brine (200 mL), dried (Na2S04). filtered, and concentrated to give the 
title compound (49.0 g) as colorless oil, which was used without further purification 

25 in Step B below. 

IH NMR (DMSO-ds ): 6 3.28 (s, 3H, OCH3), 3.53 (d, 2H. 75.4 = 4.5 Hz, H-5a, H-5b), 
3.72 (dd, IH, 73.4 = 3.6 Hz, = 6.6 Hz, H-3), 3.99 (ddd, 1H,72., = 4.5 Hz, 72.0H-2 = 
9.6 Hz. H-2), 4.07 (m. IH, H-4), 4.50 (s, 2H, CffzPh), 4.52, 4.60 (2d. 2H. 7g« = 13.6 
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Hz, CftPh). 4.54 (d, IH, OH-2), 4.75 (d. IH. H-1), 7.32-7.45. 7 J2-7 J7 (2m. lOH, 
2Ph). 

13c NMR (DMSO-dg) 5 55;40, 69.05. 69.74, 71,29, 72.02, 78.41, 81.45, 103.44. . 
127.83, 127.95. 129.05, 129.28, 131.27, 131.30. 133.22. 133.26, 133 J5, 133.67. 
5 135.45,135.92. 

StepB: 3.5-Bis-0-f 2.4-dichlorophenvhpethvlVl-0-meflivl-a-D-grvffap- 
pentofuranos-2-ulose 

To an ice-cold suspension of Dess-Martin periodinane (50.0 g, 1 18 
10 mmol) in anhydrous CH2CI2 (350 mL) under argon (Ar) was added a solution of the 
con^und firom Step A (36.2 g, 75 nunol) in anhydrous CH2CI2 (200 mL) dropwise 
over0.5h. The reaction mixture was stirred at 0"C for 0,5 hand then at room 
temperature for 3 days. The mixture was diluted with anhydrous Et2Q (600 mL) and 
poured into an ice-cold mixture of Na2S203JH20 (180 g) in saturated aqueous 
15 NaHCOs (1400 mL). The layers were separated, and the oiganic layer was washed 
with saturated aqueous NaHCOa (600 mL), water (800 mL) and hiine (600 mL), dried 
(MgS04), iiltered and evaporated to give the title compound (34.2 g) as a colorless 
oil, which was used widiout further purification in Step C below. 
IH NMR (CDaa) 5 3.50 (s, 3H. OCH3), 3.79 (dd. IH. Js^ - 11.3 Hz, /jm = 3.5 Hz. 
20 H-5a), 3.94 (dd, IH, /5b.4 = 2.3 Hz, H-5b), 4.20 (dd, IH, /j., = 1.3 Hz, 73,4 = 8.4 Hz, 
H-3), 4.37 (ddd, IH. H-4), 4.58, 4.69 (2d, 2H, = 13.0 Hz, CHsPh), 4.87 (d, IH, 

H-1), 4.78, 5.03 (2d, 2H, /gem == 12.5 Hz, C^2Ph), 7.19-7.26, 731-7.42 (2m, lOH, 
2Ph). 

13c ISMR (DMSO-dly) 5 55.72. 69.41. 69.81. 69.98. 77.49. 78.00, 98.54, 127.99, 
25 128.06, 129.33, 129.38, 131.36, 131.72. 133.61, 133.63. 133.85, 133.97, 134.72. 
13532,208^1. 

StepC: 3.5-Bis-0-r2.4-dichlorop henvhnethvlV.2-C-methvl-l-<9-methvl-«^n- 
ribofuranose 

30 To a solution of MeMgBr in anhydrous Et^O (0.48 M, 300 mL) at 

-55 "C was added dropwise a solution of the compound from Step B (17.40 g, 36.2 
mmol) in anhydrous EtiO (125 mL). Tht reaction mixture was allowed to warm to 
-30"C and stirred for 7 h at -30'C to -IS^C, then poured into ice-cold water (500 mL) 
and tfie mixture vigorously stirred at room temperature for 0.5 h. The mixture was 

35 filtered tfirough a Celite pad (10 X 5 cm) which was thoroughly washed witiiEt20. 
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The oi:ganic layer was dried (HgSO*), filtered and concentrated. The residue was 
dissolved in hexanes (-30 mL), applied onto a silica gel column (10 x 7 cm, 

prepacked in hexmes) and eluted with hexanes and hexanes/EtOAc (9/1) to give the 
title compound (16.7 g) as a colorless syrup. 
5 IH NMR (CDCI3): 6 136 (d, 3H, /Me.oH = 0.9 Hz. 2C-Me), 3.33 (q, IH. OH). 3.41 (d, 
IH, = 3.3 Hz). 3.46 (s. 3H. OCSh), 3.66 (d. 2H, 75.4 = 3.7 Hz, H-5a. H-5b), 4.18 
(apparent q. IH. H-4). 4.52 (s, IH. H-1). 4.60 (s, m CHz^ 4.63, 4.81 (2d. 2H. /gem 
= 13.2 Hz, CHzPh), 7.19-7.26, 7.34-7.43 (2m,. 10H,2Ph)i 

13c NMR (CDCI3): 5 24.88, 55.45, 69.95, 70.24, 70.88, 77.06, 82.18, 83.01, 107.63. 
10 127.32, 12936, 130.01. 130.32, 133.68. 133.78, 134.13, 134.18, 134.45. 134.58. 

^SSSl 4-Chloro-7-r3.5-bis-0-r2.4-rii chl(m)phenvlmethvlV2-C-inethyl.p -n. 

ribofuranosv n-7g-pvrmlnr23-dlp vrimidinp. 

To a solution of the compound firom Step C (9.42 g, 19 mmpl) in 
15 anhydrous dichloromethane (285 mL) at O^C was added HBr (5.7 M in acetic acid, 20 
mL, 1 14 mmol) diopwise. TTie resulting solution was stirred at O'C for 1 h and then 
at room temperature for 3h. fevaporated in vacuo and co-evaporated with anhydrous 
toluene (3 x 40 mL). The oily residue was dissolved in anhydrous acetonitiiJe (50 
mL) and added to a solution of sodium salt of 4-chloro-liy-pyirolo[23-d]pyrimidine 
20 [for preparation, see J. Chem. See. 131 (I960)] in acetonitrile [generated in situ ftom 
4-chloro-l/f-pytrolo[2,3-cOpyrimidine (8.76 g, 57 mmol) in anhydrous acetonitrile 
(1000 uiL), and NaH (60% in mineral oil, 2.28 g, 57 mmol), after 4 h of vigorous 
stirring at room temperature]. The combined mixture was stirred at room temperature 
for 24 h. and then evaporated to dryness. The residue was suspended in water (250 
25 mL) and extracted with EtOAc (2 x 500 mL). The combined extracts, were washed 
witii brine (300 mL), dried over Na2S04, fUtercd and evaporated. The crude product 

was purified on a silica gel column (10 cm X 10 cm) using ethyl acetate/hexane (1:3 
and 1 :2) as the eluenL Fractions containing the product were combined and 
evaporated in vacuo to give the desired product (5.05 g) as a coloriess foam. 
30 'H NMR (CDCI3): 5 0.93 (s. 3H, CH3), 3.09 (s, IH, OH), 3.78 (dd, IH, Js-^^ = 10.9 
Hz, 75'^ = 2.5 Hz, H-5'), 3.99 (dd, IH, /sv = 2.2 Hz, H-5"), 4.23-4.34 (m, 2H, H-3*. 
H-4'). 4.63. 4.70 (2d, 2H, J^^ = 12.7 Hz. C^aPh). 4.71, 4:80 (2d, 2H, J^ = 12.1 
Hz,Cff2Ph), 6.54 (d, IH, , Jsfi = 3.8 Hz, H-5). 7.23-7.44 (m. lOH, 2Ph). 
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"C NMR (CDCI3): 5 21.31, 69.10, 70.41, 70.77. 79.56, 80.41, 81.05, 91.1 1, 100.57. 
118.21. 127.04. 127.46, 127.57. 129.73, 129.77. 130.57. 130.99. 133.51. 133.99, 
134.33, 134J8. 134.74. 135.21,151.07, 151.15 152.47. . ' 

5 SteRE: 4<MQro-7-f2 -C-methvl-B-T%ribofnranosvlV7g-Dvrrolnp _,^- 
rflpvriniirtinft 

To a solution of the compound ftom Step D (5.42 g, 8.8 mmol) in 
dichloromethane (175 mL) at -78'»C was added boron trichloride (IM in 
dichloromethane, 88 mL, 88 mmol) dropwise. The mixture was stined at -78''C for 
.10 2.5 h. then at -30°C to -20''C for 3 h. The reaction was quenched by addition of 
methanol/dichloromethane (1:1) (90 mL) and the resulting mixture stined at -15»C 

for 30 min., then neutraHzed with aqueous ammonia at 0°C and stirred at room 
temperature for 15 min. The solid was filtered and washed with CH2Cl2/MeOH (1/1. 
250 mL). The combined filtrate was evaporated, and the residue was purified by flash 

15 chromatography over silica gel using CH2CI2 and CH2a2:MeOK (99:1, 98:2, 95:5 
and 90:10) gradient as the efiient to fiimish desired compound (1.73 g) as a coloriess 
foam, which turned into an ^orphous solid after treatment with MeCN. 
IHNMR (DMSO-ck) 5 0.64 (s, 3H, CH3), 3.61-3.71 (m, lH.H-5'), 3.79-3.88 (m. IH, 
H-5''). 3.89-t.Ol (m, 2H, H-3'. H-4'). .5.15-5.23 (m, 3H, 2'-OH. S'-OH. 5'-OH), 6.24 

20 (s, IH, H-1'), 6.72 (d, IH, Js.6 = 3.8 Hz, H-5), 8.13 (d, IH. H-6), 8.65 (s, IH, H-2). 
13c NMR (DMSO-^) 5 20.20, 59,95. 72.29, 79.37. 83.16. 91.53. 100.17, 117.63. 
128.86,151.13,151.19,151.45. 

^^SOEI 4-Amino-7-f2-C-methvl-R-n. ribofurann.^lV7g-Dvrrolnr2^- 
25 rflpY riinidiTift • 

To the compound from Step E (1.54 g. 5.1 mmol) was added 
methanolic ammonia (saturated at O^C; 150 mL). The mixture was healed in a 
stainless steel autoclave at 85°C for 14 h, then cooled and evaporated in vacuo. Ihe 
crude mixture was purified on a silica gel column widi CHzClz^kleOH (9/1) as eluent 

to give the title compound as a colorless foam (0.8 g), which separated as an 
amorphous solid after treatment with MeCN. The amorphous solid was recrystallized 
from methanol/acetonitrile; m.p. 222°C. 

IH NMR (DMSO-/fe): 50.62 (s, 3H, CH3). 3.57-3.67 (m, IH, H-5'). 3.75-3.97 (m. 
3H, H-5". H.4', H-3'). 5,00 (s. IH, 2'-OH), 5.04 (d, IH. Jj ow = 6.8 Hz, 3'-0H).' 



30 
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5.06 (t, IH, Js-oH^'x = 5.1 Hz. 5'-OH), 6.11 (s. IH, H-1'). 6.54 (d, IH. = 3.6 Hz, 
H-5), 6.97 (br s. 2H, NH2). 7.44 (d, IH, H-6), 8.02 (s, IH, H-2). 
13c NMR (DMSO-<4f): 6 20.26, 60.42, 72.72, 79.30, 82.75, 91.20, 100.13, 103.Q8, 
121.96, 15037, 152.33, 158.15. 
5 LC-MS: Found: 279.10 (M-H+); calc. for C12H16N4O4+H+: 279.1 1. 

EXAMPLE 63 

4-Amino-7-G-deox v-3-methvl-B-D-ribofuranosvlV7g-Dvrrolor2.3-rflpvrimi^^^ 
10 carfaoxamide 




Step A: 4-Ainino-6- bromo-7-f2-<9-acetvI-5-<9-benzovl-3-deoxv-3-methvl-P-D- 
ribofuranosvl)-7H-pviTolor2.3-rflpvriinidin-5-carboiiitrile 
BSA (0.29 mL, 2.0 nnnol) was added into a stirred suspension of 4- 

15 anuno-6-bromo-5-<yano-l//-pyiTolo[23-d]pyriimdine (0.24 g, 1 nunol; prepared 
according to Nucleic Acid Chemistry, Part IV, Townsemd, L. B. and Tipson, R. S.; 
Ed.; Wiley-Ihterscience: New York, 1991, pp. 16-17 and Synthetic Commun. 1998, 
28, 3835) in dry acetonitrile (10 mL) at room temperature unda- argon. After 15 min, 
1 ,2-di-0-acetyl-5-0-benzoyl-3-deoxy-3-methyI-D-ribofuranose (J. Med. Chem. 

20 (1976), 19, 1265) (0.36 g, 1.0 mmol) was added along with TMSOTf (0.54 g, 3 

mmol). Tiie mixture was stirred at room temperature for 5 min and then at 80°C for 
0.5 h. the solution was cooled, diluted with ethyl acetate (50 mL) and poured into 
ice-cold saturated aqueous NaHCOa (15 mL). The layers were separated. The organic 
layer was washed with brine (15 mL), dried CNa2S04) and then evaporated. The 

25 residue was purified on silica gel column using a solvent system of hexanes/ EtOAc: 
3/1 . Appropriate fractions were collected and evaporated to provide the title 
compound as colorless foam (0.21 g). 
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Step B: 4-AniiDo-7-f2-0-acetvl-5>0>benzovl-3-deoxv-3~methvl-B--D- 
ribofuranosvlV7g-pvm)lor23-tflp\T^ 

To a suspension of the title coinpound from Step A (183 mg, 035 
mmol) iii EtOH (9 mL) were added ammonium fonnate (0.23 g, 3.6 mmol) and 10% 
5 palladium on activated carbon (20 mg) and the mixture was heated at reflux for 1.5 h. 
The hot reaction mixture was filtered through Celite and washed with hot EtOH. The 
solvent was removed and the residue treated witii MeOR The pale yellow solid was 
filtered thus yielding 105 mg of pure title compound. The filtrate was evaporated and 
purified on a silica gel column with a solvent system of CHiCl2/MeOH: 50/1 to affoid 
10 an additional 63 mg of tide compound as a white solid. 

SteaC: 4-Amino-7-(3-deoxv-3~methvl-6-D-ribofuranQsvlV 
- 7g->pvrrolof 2,3-<flpYrinii din-5-carboxamide 
A mixture of the compound from Step B (51 mg, 0.12 mmol), 

15 ethanolic ammonia (5 mL, saturated at 0 ""C), aqueous ammonia (5 mL, 30%) and 
aqueous hydrogra peroxide |[l mL, 35%) was stirred room temperature for 8 h. The 
solution was evaporated andkhe residue purified on silica gel column with a solvit 
system of CH2Cl2/MeOH: 10/1 to give the title compound as a white solid (28 mg). 
'H-MNR (CD3OD): 5 1.12 (d, 3H, J= 6.8 Hz), 2.40 (m, IH), 3.76( dd, IH, // = 12.8 

20 Hz, J2 = 4.0 Hz), 3.94-4.04 (m, 2H), 4.33 (d, IH, J = 5.4 Hz), 6.13 (s, IH), 8.11 (s, 
IH), 8.16 (s, IH). 

EXAMPLE 64 

25 4-Amino-7- (3-deoxy-fi-D-ribofuranosvlV7H-pvrn)lor2.3-gnpvrimidine-^ 

H2NOC NH2 




This compound was prepared following the procedures described in /. 
Med. Chem. 26: 25 (1983). 
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EXAMPLE 65 

4-Aimno-7-fB-D-rihofanmoCTlV7//- pvnolor23-rflpvrimiriiii>^^ 
5 fSaneivamvcin^ 



HoNOC NHg 




HO OH 

This compound was obtained from coinmeicial sources. 
EXAMPLE.66 

10 ] ■ 

7-(2-0-methvl-6-D-ribbfa ranosvlV7H-pviTOlof2.3-/flpvrimidine 

HO-A^A^ N'^ 
H(5 t>Me 

Hiis compound was prepared following the procedures described in J. 
Org. Chem. 39: 1891 (1974). 

15 

EXAMPLE 67 

4-Amino-7-(3-deoxv-3-fluoro-P-D-rih ofiu-anosvn-7/y-pvirolor23-^DTO 
carboxamlde 
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HoNOC NH2 




F t)H 

This compound was prepared following the procedures described in 
Chem.Phann.BuU. 41: 175X1993). 

EXAMPLE 68 

4-Amino-7-f3-deoxv-B-D-ribofiiranosvlV7 g-pvrrolor2.3-fflDvrimidine-5^ 

NC NH2 




t>H 

This compound was prepared following the procedures described in J. 
10 Med. Chem. 30: 4Sl il98T). 

EXAMPLE 69 

4-Amino-7-Q-^-metfivl-B- D-ribofuranosvlV7g-Dvrm1nr23-rf1pvrimidin 

NH2 

15 h6 hue 
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This compound was prepared following the procedures described in /. 
Or?. CAcm. 39: 1891 (1974). 

EXAMPLE 70 

.5' 

3'-Aininfi-<<' ^xv-2'-0-methvladenosine 

HgN bMe 

This compound is obtained by tiie methylation of appnqniately 

protected 3 -amino-S'-deoxypdenosine derivative CExanq)le 54). 
10 ! . 

EXAMPLE 71 

4-Amino-7-G-deoxv-B- D-ribofuranosvlV7g-pvrmlor2.3-/i^p YriniirtiTift 




15 This compound was prepared following fte following procedure 

described in Can. 7. Chem. 55: 1251 (1977). 

EXAMPLE 72 
20 General process to SATE prodrug moietv 
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S-AcyI-2-ThioethyI (SATE) pronucleotides are discussed in C.R. 
Wagner, V.V. lyw, and EJ. McDitee, 'Tronucleotides: Toward the Jn Vivo Delivery 
of Antiviral and Anticancer Nucleotides," Med. Res. Rev .. 20: 1-35 (2000). which is 
incorporated by reference herein in its entirety. SATE derivatives of nucleosides are 
5 also disclosed UJS. Patent Nos. 5,770,725; 5.849,905; and 6,020,482, the contents of 
each of which are incorporated by refaence herein in their entirety. 

Bisf.S-acetv l-2-thioethvl)-MjV-diisopropvlphosp horamiHttftr 

2-Mercaptoethanol (5 g, 64 mmol) was dissolved in CH2CI2 (50 mL). 

10 To this solution was added triethylamine (7.67 mL, 57.6 mmol), and the reaction 

naixture was cooled in an ice bath to 0 °C. Acetic anhydride (4.54 mL, 48 mmol) was 
added dropwise in 10 min, and the reaction mixture was stirred for 1 h at 0 "C. The 
rieaction mixture was Aen allowed to come to room temperature over a period of 2 h. 
The reaction mixture was diluted with CH2CI2 (50 mL), washed with water (75 mL), 

15 5% aqueous NaHCOs (75 mL) and brine (75 mL). The organic phase was dried over 
anhydrous Na2S04 and concentrated m vaciw to give an oil. The oilwasthrai 
dissolved in anhydrous THI^(40 mL) and anhydrous triethylamine (7.76 mL) was. 
added. To this mixture was added activated molecular sieves (4A) and was kept at 
room temperature for IQ min. The reaction mixture was cooled in an ice bath to O'C 

20 and diisopropylphosphoramidous dichloride (6.47 g, 32.03 mmol) was added. The 
reaction mixture was stirred at 0 °C for 2 h under inert atmosphere. Hexane (40 mL) 
was added to the reaction mixture and flie precipitate formed was filtered. The filtrate 
was concentrated to one fourth of the volume, purified by loaded silica gel column 
chromatography and eluted with hexane containing 3 % triethylamine and incremental 

25 amount of ethyl acetate (0 to 7 %) to give tiie title compound as an oil {236 g). 
'H NMR (CDCI3): 5 1.17 (s, 6H), 1.21 (s, 6H), 2.36 (s, 6H). 3.14 (t, 7= 6.44 tiz). 
3.51-3.84 (m. 6H); "c NMR (CDCI3): 5 24.47, 24.61, 30.48, 42.85. 43.1, 61.88. 
62.23. 195.26; NMR (CDCI3): 5 146.96. 

30 EXAMPLE 73 

2'rC>-Methvlguanosine>5' -rbis-(^-acetyl-2-thioethvnphosphate1 
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step A: Ar^ f4-mono methoxvtritv]V2'-0^methvlguanosine^5'-r^^ 
thioethvDphosphatel 

iV^(4-monomethoxytrityl)-2*"0-methylguanosine (0.74 g, 1.31 mmol) 
5 was mixed with IH-tetrazole (0.061 g, 0.87 mmol) and dried over P2O5 in vacuo 
overnight. To this mixture was added anhydrous acetonitrile (8 mL). To the turbid 
solution, bis(5-acetyl-2-thioethyl)//,iV-diisopropylphosphoramidite (0.3 g, 0.87 mmol) 
was added slowly and the reaction mixture was stirred at ambient temperature under 
inert atmosphere for 2 h. Solvent was removed in vacuo. The residue was cooled to - 

10 40°Cand a solution of 3-c^orope^ltenzoic add (0.2 g) in CH2CI2 (7 mL) was a 
The solution was allowed to^arm up to room temperature over 1 h. Sodium 
hydrogensulfite (10% aqueous solution, 2 mL) was added to reduce the excess of 3- 
cMoropeibenzoic acid. The organic phase separated, diluted with CH2CI2 (20 mL), 
washed with saturated aqueous Na2C03 (10 mL), water (10 mL), dried over Na2S04 

15 and evaporated to dryness. The residue was purified by silica gel column 

chromatography and eluted with CH2CI2 containing incremental amount of MeOH (5 
to 10 %) as eluent to yield the title compound (0.36 g) as a foam. 

NMR (r)MSO-rf<5): 6 235 (s, 6H), 2.97 (s, 3H), 3.11 (t, 4H, / = 6.0 Hz), 3.5 (m, 1 
H), 3:74 (s, 3H), 3.72-3.83 (m, 2H), 3.97-4.11 (m, 6H), 5.1 (d, IH, /= 6.4 Hz), 5.29 

20 (d, IH, /= 3.1 Hz), 6.89 (d, 2H. /= 8.8 Hz), 7.15-7.37 (m, 12H), 7.68 (s, IH), 7.73 
(s, IH), 10.72 (s, IH); "C NMR (CDQa): 5 30.36, 55.38, 57.99, 66.08, 66.19, 67.22, 
69.15, 70.49, 81.18, 81.57, 86.64, 113.04, 117.99, 126.66, 127.71, 128.67, 130.04, 
136.09, 136.56, 144.51, 144.82, 149.52, 151.29, 158.15, 194.56; NMR (C3)Cl3): 5 
-2.04; MS (API-ES) 852.10 [M-H]*. 

25 

Step B: 2'>0>methvlguanosine-5'-rbis-f>y-acetvl-2-thioethvl)phosphate1 

iV^X4-monomethoxytrityl)-2'-0-methylguanosijie-5'-[bis-(iS-acety^ 
thioethyl)phosphate] (0.2 g, 0.23 namol) was dissolved in acetic acid : MeOH : H20, 3 
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: 6 : 1 and heated at 55 °C for 24 h. Solvent was removed and the residue was purified 
by HPIX on reverse phase column (Hamilton PR^^ 

B = H2O 20 to 100 B in 65 min, flow 10 mL min '). Fractions containing the product 
were pooled together and evaporated to gi ve the title compound (40 % yield). 
5 ^¥ NMR (CDCI3): 5 -0.72; MS (API-ES) m/z 582.1 \M+S\\ 

EXAMPLE 74 

2*-0-Methvlguanosine-5'-rbis-fiS-pivalovl-2-thioethvnphos^^ 



O 




Step A: Bis(.S-'pivalovl-2"thioethvlVjVliy-diisopropvlp hn5;phnraTniditft 
5-pivaloyI-2-thioethanoI (6.3 g, 39.6 mmol) was dissolved in 
anhydrous TEIF (100 mL). To this solution was added activated molecular sieves 
(4A°) and kept at room temperature for 30 min. Anhydrous triethylamine (7.9 mL, 

15 59.4 mmol) was added and the reaction mixture was cooled in an ice. bath to 0 To 
this mixture diisopropylphosphoramidous dichloride (4 g, 19.8 mmol) was added 
dropwise. The mixture was stirred the reaction mixture at 0°C for 2 h under inert gas 
atmosphere. Hexane (100 mL) was added to the reaction mixture, and the precipitate 
formed was filtered. The filtrate was concentrated to one fourth of the volume. This 

20 was purified by flash silica gel column chromatography using hexane containing 2% 
triethylamine and incremental amount of ethyl acetate (0 to 3 %) as eluent to give the 
title compound as an oil (5.23 g). 

NMR (CDCI3): 5 1.13-1.31 (m, 30 H), 1.21 (s, 6H),.3.09 (t, J = 6,6 Hz, 4H), 3.51- 
3.84 (m, 6H); NMR (CDCI3): 5 24,47, 24.61, 27.32, 30.00, 42.85, 43.1, 46.32, 

25 61.98, 62.33, 206.1; NMR (CDCb): 5 148.51. . 

StepB: 2^-0-methvl guanosine>5'>rbis-f^-pivalovl-2-thioethvnphosDhate1 
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7y^K4-monomethoxytrityl)-2'-0-methylguanosine (0.6 g, 1.05 mmol) 
was mixed with IH-tetrazole (0.05 g, 0.7 mmol) and dried over P2O5 in vacuo 
overnight To this mixture anhydrous acetonitrile (13.8 mL) was added. The reacticm 
mixture was cooled to O^'C in an ice bath and bis(5-pivaloyl-2-thioethyl)/V;iV- 
5 diisopropylphosphoramidite (0.32g, 0.7 mmol) was added slowly. The reaction 
mixture was stirred at 0°C for 5 minutes. Hie ice bath was removed and the reaction 
mixture was allowed to stir at room temperature under an inert atmosphere for 2 h. 
Solvent was removed in vacuo. The residue was cooled to -^0 °C and a solution of 3- 
chloroperbenzoic acid (0.24 g, 1.4 mmol, 57-80 %) in (31202 (10 mL) was added 
10 The solution was allowed to warm up to ~10°C over 1 h. Sodium hydrogensulfite 

(10% aqueous solution, 10 mL) was added to reduce the excess of 3-chloroperbenzoic 
acid. The organic phase separated, diluted with C3I2C12 (50 mL), washed with 
saturated aqueous Na2C03 (40 mL), water (40 mL), dried over Na2S04 and 
evaporated to dryness. The residue was chromatographed on a flash silica gel column 
15 using a CH2CI2 containing incremental amoimt of MeOH (0 to 5 %) as eluent 

Fractions containing the product were pooled together and evaporated. The residue 
was dissolved in a solution of acetic acid/water/ methanol (10 mL, 3:1:6) and 
heated at 55 °C for 24 h. Evaporated flie solution m vacuum to get an oil. The oil was 
dissolved in 20% MeOH in water and purified by HPLC on C-18 column (Luna C-18, 
20 250 X 2.12 mm, A = water, B = acetonitrile, 20 to 10 % B in 65 min., flow 10 mL 
min"\ X 260 nm) to yield the title compound (0.082 g). 
'HMVffi (DMSO-^^^): 5 1.18 (s, I8H), 3.08 (m,4H), 3.33 (s, 3H) 3.9^^ 
4.14-4.21 (m, 2H), 4.29 (m, IH), 5.42 (d, IH, J = 5.4 Hz), 5.81 (d, IH, / = 5.8 Hz), 
6.49 (bs, 2H), 7,86 (s, IH), 10.66 (bs, IH); NMR ( DMSO-J^): 6 ^.71; MS (API- 
25. ES)m/z 664.2 [M-H]". 

EXAMPLE 75 

8-Bromo>2^0-methvlgu anosine^5^-rbis-(5-Divalovl-2-thioethvnphosphatel 
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This compound was synthesized according to the procedure used for 
the synthesis of Bcample 74 starting with 8-bromo-A^-(4-monomethoxytiityl)-2'-0- 
methylguanosine (0.46 g, 0.63inmol). Other reagents used were IH-tetrazole (0.034 g, 
5 0.49 mmol), bis(5-pivaloyl-2-thioethyl)A/;7V-diisopropylphosphoramidite (0.22 g, 0.49 
mmol), acetonitrile (8.3 ml), 3-chlorop;Kbenzoic acid (0.17 g, 0.98 mmol, 57-80 %) in 
CH2CI2 (4 mL). Hie title compound was isolated in 13 % yield (0.061 g). 
'HNMR (DMSO-^): 6 1.14 and 1.16 (m, 18H), 3.06 (m, 3.32 (s, 3H) 3.96^.06 
(m, 5H), 4.18-4.3 (m, 2H), 4.46 (d. IH, /= 2.4 Hz), 4.66 (t. IH, J= 2.6 Hz), 5.37 (d, 
10 lH,7=2.6Hz),5.78(d,lHl/=2.8Hz),6.62(bs,2H).10.99(bs,lH);''PNMR 
(DMSO-de) 5 -0.79; MS (API-ES) 742.13 and 744.13 [M-H]-. 

EXAMPLE 76 

15 2-Ainino-3.4-dihvdro-7-f 2-C?-methvl-P-D-ribofiiranosvl')-4-oxo-7Jr-Dwrolor2-:^- 
rflPVriinidine-5'-rbis-f.9-p i valovI-2-thioethvnDhosDhate1 




This compound was synthesized according to the prdceduie used for 
the synthesis of Example 74 starting with 7-deaza-ArV4-monomethoxytrityI>2'-0- 
20 methylguanosine (0.47 g, 0.82 mmol). Other reagents used were IH-tetrazole (0.044 
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g, 0.63 mmol), bis(5-pivaloyI-2-thioethyl)A/,iV-diisopropylphosphoraniidite (0.29 g, 
0.63 mmol), acetonitrile (11 mL), 3-chloroperbenzoic acid (0.21 g, 1.26iranol, 57-80 
%) in CH2CI2 (5.2 mL). The title compound was isolated in 29% yield (0.158 g). 

NMR (pMSO-dg): 5 1.14 (s, 18H), 3.06 (m. 4H). 3.31 (s. 3H) 3,96-4.26 (m, 9H), 
5.35 (d, lH,/= 2.6 Hz), 5.78 (d. IH, /= 5.2 Hz), 5.99 (d, IH, 7= 6.6 Hz), 6.27 (m, 
3H), 6.86 (d, IH, 7 = 3.6 Hz), 10.39 (s, IH); NMR (DMSCMf): 5 -0.72; MS (AK- 
ES) m/z 663.20 [M-H]"; HRMS Calcd for C26H42N4O10PS2 665.2074 foohd 665.2(y71. 

EXAMPLE 77 

3'-Deoxvgua nosine-5'-rbis-f.S'-nivalovl-2-thioethvnphosphatel 



<1 T 




iV^-(4-Monomethoxytrityl)-3'-deoxyguanosine (0.20 g, 0.35 mmol) 
was mixed with IH-tetrazole (0.019 g, 0.27 mmol) and dried overP205 m vacuo 

15 overnight. To this mixture anhydrous acetonitrile (4.7 mL) was added to give a turbid 
solution. The reaction mixture was cooled to CC in an ice bath and bis(5-pivaloyl-2- 
thioethyl);\r,i\^diisopropylphosphoramidite (0.12g, 0.27 mmol) was added slowly. The 
reaction mixture was stirred at O^C for 5 minutes. The ice bath was removed and the 
reaction mixture was allowed to come to room temperature. The reaction mixture was 

20 stirred at room temperature under an inert gas atmosphere for 2 h. Solvent was 
removed in vacuo. The residue was cooled to -A/SfC and a solution of 3- 
chloroperbenzoic add (0.12 g, 0.7 mmol, 57-80 %) in CH2CI2 (2.2 mL) was added. 
The solution was allowed to warm up to -10 "C over 1 Ji. Sodium hydrogensulfite 
(10% aqueous solution, 2 mL) was added to reduce the excess of 3-chloroperbenzoic 

25 add. The organic phase was separated, diluted with CH^Ch (30 mL), washed with 
saturated aqueous Na2C03 (20 mL), water (20 mL), dried over Na2S04 and 
evaporated to dryness. The residue was chromatographed on a flash silica gel column 
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using CH2CI2 containing incremental amount of MeOH (0 to 5 %) as eluent Fractions 
containing the product were pooled and evaporated. The residue was dissolved in a 
solution of acetic acid/water/ methanol (5 mL, 3 : 1: 6) and heated at 55 °C for 24 h. 
Evaporated the solution in vacuum to get an oil. Tlie oil was dissolved in 20% MeOH 
5 in water and purified by HPLC on C-18 column (Luna C-18, 250 X 2.12 mm, A = 
water. B = acetonitrile, 20 to 10 % B in 65 min., flow 10 mL min"', X 260 nm) to yield 
the title compound (0.027 g). 

'HNMR PMSO-^): 5 1.15 (s. 18H). 1.92-2.01 (m. IH). 2.17-2.28 (m, IH), 3.04 (t, 
4H, y = 6.2 Hz), 3.91-4.23 (m. 6 H). 4.37-4.55 (m, 2H). 5.67 (m, 2H), 6.45 (bs. 2H). 
10 7.75 (s, IH), 10.61 (s, IH); NMR (DMSO^): 6 -0.75; MS (API-ES) m/z 634J2 
[M-H]-. 

EXAMPLE 7« 

15 2-Amino-7-f3-deoxv-B-n -ribofiiranosvlV3.4-dihvdro-4-oxo-7ff-pvrrolor2.3- 
rflpyrimidine-5'-rbis-r.y-piv alovl-2-thioethvltehosDhatft1 



O 




2-(4-Monomethoxytrityl)amino-7-(3-deoxy-p-D-ribofuranosyl)-7^r- 
pynoIo[2,3-<qpyrimidin-4(3/0-one (0.30 g, 0.52 mmol) was mixed with IH-tetrazole 

20 (0.028 g, 0.40 mmol) and dried over P2O5 in vacuo oveniighL To this mixture 

anhydrous acetonitrile (7 mL) was added, and the solution was cooled to 0 °C in an 
ice bath. Bis(S-pivaloyl-2-thioethyl)-MiV-diisopropylphosphoramidite (0.18 g, 0.40 
mmol) was added slowly. The reaction mixture was allowed to come to at room 
temperature and stirred at room temperature under an inert atmosiAere for 2 h. The 

25 solvojt was removed in vacuo. The residue was cooled to -40°C, and a solution of 3- 
chloroperbenzoic acid (0.14 g. 0.8 mmol, 57-80 %) in GHaQj (5 mL) was added. The 
solution was aUowed to waim up to -10 "C over 2 h. Sodium hydrogensulfite (10 % 
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aqueous solution, 5 mL) was added to reduce the excess of 3-chloroperben.zoic add. 
The organic phase was separated, diluted with CiE[2Cl2 (50 mL), washed with 
saturated aqueous NaaCOa (40 mL), water (40 mL), dried over Na2S04 and 
ev^orated to dryness. "The residue was chromatographed on a flash silica gel column 
5 using Ca2Cl2 fcontaining bcremental amount of MeOH (0 to 5 %) as eluehL Fractions 
containing the product were pooled and evaporated. The residue was dissolved in a 
solution of acetic add/watei/ methanol (10 mL, 3 : 1 : 6) and heated at 55 for 24 h. 
The solution was evaporated to give an oil. The oil was dissolved in 20% MeOH in 
water and purified by HPLC on C-18 column (Luna C18,250 X 2.12 mm, A = water, 
10 B = acetonitrile 20 to 10 % B in 65 mL, flow 10 mUmin, X 260 ran) to give the title 
compound (0.053 g). . 

'HNMR (DMSO-dij): 5 1.16 (s. 18H), 1.91-2.01 (m, IH), 2.17-2.25 (m, IH), 3.05 (t. 
4H, /= 6.2 Hz), 3.92-4.2 (m, 6 H), 4.35 (bs, 2H), 5.56 (d, IH, /= 4.2 Hz), 5.86 (d, 
lH,7=2.4Hz), 6.24 (m,3H), 6.77 (d, lH,/=3.6Hz), 10.36 (s. IH); '¥nMR 
15 (pmo-de): 5 -0.89; HRMS (MALDI) Calcd for C25H39N4O9PS2.635.I969 found 
635.1964. 

EXAMPLE 79 

20 2-Amino-5>bromc)-7-G- deoxv-B-D-ribofuranosvn~3,4-dihvdro-^ 
^/)pYrimidiii e-5'-rbis-(iS-pivaIovl-2-thioethvnp hosphate] 




2-(4-Monomethoxytrityl)atoino-5-lM^omO"7-(3"deoxy-P-D- 
ribofuranosyl)-7i/-pynx)lo[23-flpyii^ (0.066 g, 0.17 mmol) was 

25 mixed widi imidazole triflate (0.017 g, 0.17 mmol) and dried over P2O5 in vacuo 
overnight To this mixture anhydrous acetonitrile (7 mL) and bis(5-pivaloyl-2- 
thioethyl)iV;i\^diisopropylphosphoramidite (0.97 g, 0.24 mmol) were added slowly. 
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The reaction mixture was stirred under an inert atmosphere for 1 8 h. Solvent was 
removed mvocwa The residue was.cooled to ~40°C and a solution of 3- 
chloroperbenzoic acid (0.059g, 0.34 mmol, 57-80 %) in CH2CI2 (2 mL) was added. 
The solution was allowed to warm up to -10 °C over 2 h. Sodium hydrogensulfite (10 
5 % aqueous solution, 5 mL) was added to reduce the excess of 3-chloroperbenzoic 
arid. The organic phase was separated, diluted with CH2GI2 (30 niL), washed with 
saturated aqueous Na2C03 (20 mL), water (20 mL), dried over Na2S04 and 
evaporated to dryness. The residue was chromatographed on flash silica gel column 
using CH2CI2 containing mcremental amount of MeOH (0 to 5 %) as eluent. Fractions 

10 containing the product were pooled and evaporated The residue was dissolved in a 
solution of acetic acid/water/ methanol (3 mL, 3:1:6) and heated at 55 ®C for 24 h. 
The solution was evaporated to give an oih The oil was dissolved in 20% MeOH in 
water and purified by HPLC on C-18 column (Luna C18,250 X 2.12 mm, A = water, 
B = acetonitrile 20 to 10 % B in 65 naL, flow 10 mL min ', X 260 nm) to afford the 

15 title compound (0.036 g). 

'HNMR (DMSO-d;?): 5 1.17 (s, 18H), 1.87-2.03 (m, IH), 2.17-2.26 (m, IH), 3:05 (t, 
4H, / = 6.4 Hz), 3.92-4.2 (xdy 6 H), 4.37 (bs, 2H), 5.70 (d, IH, /= 4.4 Hz), 5.85 (d, 
IH, J = 2.6 Hz), 6.36 (bs. 2H), 6.93 (s, IH), 10.51 (s, IH);.'^ NMR (DMSO-dc): 5 - 
0.89; MS (AP-ES) ni/z 711.11 and 713.09 [M-HJ"; HRMS (MALDI) Galcd for 

20 C25H38B1N4O9PS2.713.IO74 and 715.1074 found 713.1081 and 715.102. 

EXAMPLE 80 



2'~0-Methvlcvtidine-5'-rbis-f5-pivalovl-2-thioethvBphosphate1 




//*-(4,4'-I>imethoxytrityl>-2'-0-methylcytidine (0.49 g, 0.86 mmol) 
was mixed with IH-tetrazole (0.06 g, 0.86 nomol) and dried over P2O5 m vacuo 
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overnight. To this mixture anhydrous acetonitrile (6 mL) and bis-(5-piva]oy]-2- 
tfuoethy])-iV,A^-diisopropylphosphoramidite (0.39 g, 0.86 mmol) were added at 0 "C. 
The reaction mixture was allowed to come to room temperature and stined under an 
inert atmosphere for 18 h. Solvoit was removed in vacuo. The residue was cooled to 
5 -4(fC and a solution of 3-chloroperbenzoic add (03g, 1.72 mmol, 57-80 %) in 

CH2a2 (5.5 mL) was added. The solution was allowed to warm up to -VfC over 2 h. 
Sodium hydrogensulfite (10 % aqueous solution, 5 mL) was added to reduce the 
excess of 3-chloropeibenzoic add. The organic i^ase was separated, diluted with 
CH2CI2 (30 mL), washed with saturated aqueous NaaCOs (20 mL), water (20 mL), 

10 dried over Na2S04 and evaporated to dryness. The residue was chromatographed on a 
flash silica gel column using CH2CI2 containing incremental amount of MeOH (0 to 
10 %) as eluent. Fractions containing the product were pooled and evaporated. The 
residue was dissolved in a solution of acetic add/water/ methanol (10 mL, 3:1:6) 
and heated at 55°C for 24 h. TTie solution was evaporated to give an oil. The oil was 

15 dissolvedin 20 % MeOHin water and purified by HPLC on C-18 column (Luna 

C18,250 X 2.12 mm, A = water, B = acetonitrile 20 to 10 % B in 65 ML, flow 10 mL 
min"', X 260 mn) to yield th^ title compound.(0.076 g). 

'H NMR (DMSO-dtf): 5 1.18 (s, 18H), 3.12 (t, 4H. /= 6.4 Hz), 3.39 (s. 3H), 3.69 (t, 
IH. J = 4.2 Hz), 3.93-4.3 (m, 8H), 5.29 (d, IH, J = 6.2 Hz), 5.72 (d. IH, 7 = 7.4 Hz), 
5.86 (d. IH, 7 = 4 Hz), 7.21 (bs. 2H), 7.58 (d, IH, / = 7.4 Hz); "P NMR (CD3CN): 5 - 
0.64; MS (AP-ES) ni/z 625.69 [M+H]*; HRMS (MALDI) Calcd for 
C24H4oN30ioPS2Na 648.1785 found 648.1804. 



20 



25 



EXAMPLE 81 



5-Bromo-2'-a-methvlcvti dine-5'-rbis-r.9-pivalovl-2-thioethvnDhosphate1 

Br '^'^2 

h6 bMe 
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Step A: 5>Bromo-3'-0-ft--butvldiinethvl)silvl-2'->0-»methvlcvtidine 

2'-0-.Methylcytidine (1.5 g, 5.83 mmol) was mixed with imidazole 
(3.97 g, 58.32 mmol) and dried in vacuo. This mixture was dissolved in anhydrous 
DMF (4 mL) and t-butyldimethylsilyl chloride (4.41 g, 29.25 mmol) was added and 
5 the reaction mixture was stined for 18 h at room temperature under an inert 

atmosphere. Reaction mixture was diluted with water (100 mL) and extracted with 
ethyl acetate (2 x 60 mL). The organic phase was dried over anhydrous Na2S04 and 
evaporated. ITie residue was purified by silica gel column chromatography and eluted 
with ethyl acetate/hexane, 6 : 4. Fractions containing the product were pooled and 

10 evaporated. The product obtained (2.76 g) was dissolved in acetonitrile (19.43 mL), 
UBr (0.623 g, 7. 1 8 mmol) and stirred to get a clear solution. To this ammonium eerie 
(TV) nitrate (6.24 g, 1 1.37 mmol) was added and the reaction mixture was allowed to 
stir at room temperature for 3 h. Solvent was removed in vacuum. The residue 
obtained was taken in efliyl acetate (100 mL) and wadied with water (80 mL). Hie 

15 organic phase was separated, dried over anhydrous Na2S04 and evaporated Residue 
purified by silca gel columri^chromatography and eluted with 5 % MeOH in CH2CI2. 
The product obtained (2.66 g) was dissolved in 80 % acetic acid in water and heated 
at 50®C for 6 h. The solvent was removed and the residue purified on a silica gel 
column and eluted with 5 % MeOH in CH2CI2 to give the tide compound (0.85 g). 

20 NMR (DMSO-rf5): 6 0.78 (s, 6H), 0.85 (s, 9H), 3.31 (s, 3H), 3.44-3.6 (m, 2H). 
3.69-3.9 ( m, 2H), 4.24 (m, IH), 5.29 (t, IH, J= 4.4 Hz), 5.76 (d, IH, / = 3.2 Hz), 
7.06 (bs,lH), 7.88 (bs, IH), 8.39 (s, IH). 

StepB: 5-Bromo-2*-0-metiivlcvtidine-5'-rbis-f5-pivalovl-2> 
25 thioethvnphosphate] 

5-Bromo-3*-0-(t-butyldimethyl)silyl-2'-0-methylcytidine (0.093 g, 
0.21 mmol) was mixed with IH-tetrazole (0.03 g, 0.42 mmol) and dried over P2O5 in 
vacuo overnight. To this mixture anhydrous acetonitrile (2 mL). Bis-(iS-pivaloyl-2- 
thioethyl>.iV,iV-diisopropylphosphoramidite (0.2 g, 0.42 mmol) was added at 0 ^C. The 

30 reaction mixture was allowed to come to room temperature and stirred under an inert 
atmosphere for 4 h. Solvent was removed in vacuo. The residue was cooled to - 40 
and a solution of 3-chloroperbenzoic acid (0.072g, 0.42 mmol, 57-80 %) in CH2CI2 (2 
mL) was added. The solution was allowed to warm up to -10 °C over 2 h. Sodium 
hydrogensulfite (10 % aqueous solution, 2 mL) was added to reduce the excess of 3- 

35 chloroperbenzoic add. The organic phase separated, diluted with CH2a2 (30 mL), 
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washed with saturated aqueous NaaCOa (20 mL), water (20 mL), dried over N^S04 
and evaporated to dryness. The residue was dissolved in THF (2. 1 mL) and 
triethylamine trihydrofluoride (0.17 g, 1.1 mmol). Thereaction mixture was stirred at 
room temperature for 18 h. The solution was evaporated to give an oil. Hie oil was 
5 dissolved in ethyl acetate (30 mL) and washed with water (20 mL), 5% aqueous 

NaHCOs and brine (20 mL). The organic phase was dried over anhydrous Na2S04 and 
evaporated The residue was dissolved in 20 % MeOH in water and purified by HPLC 
on C-18 column (Lum C18. 250 X 2.12 mm, A = water, B = acetonitrile 20 to 10 % B 
in 65 mL, flow 10 mL min"^ X 260 nm) to give the title compound (0.054 g). 
10 ^HNMR (DMSO-rftf): 5 1.17 (s, 18H), 3.11 (t, 4H, /= 6.2 Hz), 3.39 (s, 3H), 3.75 (t, 
IH, 7 = 4.8 Hz), 3.93^.3 (m, 8H), 5.23 (d, IH, /= 6.4 Hz), 5.8 (d, la /= 3.8 Hz), 
7.07 (bs, IH), 7.89 (s, IH) 7.94 (bs, IH); NMR (CD3CN): 5 >0.34; MS (AP-ES) 
m/z 702.00 and 704.00 [M-HJ"; HRAIS (MALDI) Calcd for C24H39BrN30ioPS2Na 
726.0890 and 728.0890 found 726.0893 and 728.086. 

15 

EXAMPLE 82 

» - 

3'-Deoxvcvtidine-5'-rbis >(.y-Divalovl-24hioethvl>p hoRphatftl 



20 




Step A: jV^-f4.4'-dimethoxvtritv]V3'-deoxvcvtidine 

3'-Deoxycytidine (0.8 g, 3.54 mmol) was mixed with imidazole (2.41 
g, 35-4 mmol) and dried over P2O5 in vacuum overnight at 40®C. The mixture was 
dissolved in anhydrous DMF and r-butyldimethylsilyl chloride (2.68 g, 17.78 mmol) 
25 was added and the reaction mixture was stirred under an- aigon atmosphere for 1 8 h at 
room temperature. The reaction mixture was diluted with water (100 mL) and 
extracted with ethyl acetate (2 x 75 mL). The organic phase was separated, dried over 
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anhydrous Na2S04 and evaporated. The residue was purified by silica gel column 
chromatography and eluted with ethyl acetate/hexane (6 : 4) to yield 2',5'-bis(t- 
butyldimethylsilyl)-3'-deoxycytidine (1.27 g). TWs was then mixed with DMAP (0.34 
g, 2.79 mmol) and dried in vacuum. ITus mixture was dissolved in anhydrous pyridine 

5 (8 mL) and 4,4'-dimethoxytrityl chloride (1.89 g, 5.58 mmol) was added. The reaction 
mixture was stirred at room temperature under an argon atmosphere for 18 h. Solvent 

was removed iw vaciM?, The residue obtained was taken in ethyl acetate (100 mL) and 
washed with 5 % NaHCOj in water (75 mL) and brine (75 rid). Theoiganic phase was 

dried over anhydrous Na2S04 and evaporated. Hie residue obtained was dissolved in 
10 THF (28 mL). To this triethylamine tiihydrofluoride (2.26 mL, 13.74 mmol) and 
triethylamine (0.95 mL, 6,87 mmol) were added and stirred at room temperature for 
18 h. Solvent wias removed and the residue dissolved in ethyl acetate (50 mL), washed 
with wata: (50 mL) and 5% NaHCOj in water (50 mL). The organic phase was dried 
over anhydrous N%S04 and evaporated. The residue obtained was purified by siHca 

15 gel colunm chromatography and elutejd with 5 %MeOH in CH2CI2 to ^eld the tide 
compound (0.66 g). * 

'HNMR (DMSOwfe): 5 1.66 (m, IH), 1.85 (m, IH). 3.47 (m, IH), 3.63 (m. IH). 3.71 
(s, 6H), 4.00 (bs, IH). 4.19 (m, IH). 4.96 (t. IH, /= 5,2 Hz), 5.39 (bs. IH), 5.53 (s, 
IH), 6. 17 (bs, IH), 6.83 (d, 4H, J = 8.8 Hz), 7.04-7.22 (m. 9H),.7.77 (d, IH, /= 7.6 
20 Hz), 8.27 (bs, IH); MS (AP-ES) m/z 528.1 IM-H]-. 

S^PS- 3'-Deoxvcvtidine-5'-rbis-r. y-pivalovl-2-thioethvnphosp hateT 

This compound was synthesized following the similar synthetic 
procedure uised for the syndesis of Example 80 starting with iV*-(4,4'- 

25 diniethoxytrityI)-3'-deoxycytidine (0.3 g, 0.57 mmol). Other reagents used for the 
synthesis were IH-tetrazole (0.04 g, 0.57 mmol). acetonitrile (4 mL), bis-(5-pivaloyl- 
2-thioethyl)-iV,iV^diisopropylphosphoramidite (0.52 g, 1.14 mmol) and 3- 
chloroperbenzoic acid (0.2g, 1.14 mmol, 57-80 %) in CH2CI2 (3,6 mL). The product 
was isolated in 22 % yield (0.073 g) after HPLC purification. 

30 ■HNMR(200MHz,DMSO-d;,):6l.l7(s, 18H), 1.84 (m, 2H), 3.11 (t.4H,7 = 6.4 
Hz), 3.93-4.31 (m. 8H). 4.39 (m, IH), 5.55 (d, IH, J = 4,2 Hz), 5.67(dd. 2H, J = 7.4 
and 1.8 Hz). 7.1 (bs, 2H), 7.56 (d. IH, 7 = 7.4 Hz); NMR ( CD3CN): 5 -0.71; MS 
(AP-ES) m/z 596.1 pvl+H]+; HRMS (MALDI) Calcd for C23H38N309PS2Na 618.1679 
found 618.1600. 

35 . 
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EXAMPLE 83 

2'>0>Methvlcvtidine-5' >rbis(isopropvloxvcarix)nvloxvmethvl)1phosphate 




5 Phosphonomethoxy nucleoside analogs are discussed in C.R. Wagner, 

V.V. Iyer, and E J. Mclntee, "Pronucleotides: Toward the In Vivo Delivery of 
Antiviral and Anticancer Nucleotides/' Med. Res. Rev .. 20: 1-35 (2000), which is 
incorporated by reference h^in in its entirety. They are also disclosed U.S. Patent 
Nos. 5,922,695; 5,977,089; 6,043,230; and 6,069,249, the contents of each of which 
10 are incorporated by reference herein in their entirety. 

Step A: iso-Propvl chlorometh vl carhnnatR 

This was prepared according to Antiviral Chemistry & Chemotherapy 

8:557(1997). 

15 

StepB: 2^0-Methvlcvtidine-5'-p hosphate 

This intermediate was prepared as described in Tetrahedron Lett. 50: 

5065(1967). 

20 Step C: 2'-0-Methvlcvtidinc-5'-rbisfisopropvloxvcarbonvloxv 
methvDIphosphate 

2'-0-'Methylcytidine-5'-phosphate (0.4 g, 1.19 mmol) was dried over 
P2O5 in vacuum overnight at 40 ^C. It was then suspended in anhydrous DMF (4 mL). 
To this mixture was added diisopropylethylamine (0.86 mL, 4.92 mmol) and iso- 
25 propyl cWoromethyl carbonate (1.56 g, 7.34 nmiol). The rnixture was he 

for 1 h. The reaction mixture was then allowed to come to room temperature. The 
reaction mixture was stirred at room temperature for 48 h and then filtered. The 
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20 



filtrate was diluted with water (100 mL) and extracted with CH2CI2 (3 x 50 mL). The 
organic phase was dried over anhydrous Na2S04 and evaporated. The residue was 
dissolved in 20 % MeOH in water and purified by HPLC on C-18 column (Luna 
C18^X2.12inm,A=water,B = acetonitrile20to 10 % B in 65 ML, fiow lOmL 
5 min'',X 2160 nm) to give the title compound (2^ mg). 

NMR (CDjCa^: 8 -3.09; MS (AP-ES) m/z 570.1 [M+H]*. 

EXAMPLE 84 

10 2'-0-Methvlcvtidine-5'-rf2 -decvloxv-3-dodecvlthio.l-propvnDhosphale1 

NH2 

Me(CH2)iiS"''Y^O'^0-A O 

A OH Y Y ° 

Me(CH2)9^ \_y 



The procedure is described for similar nucleoside analogs in German 
Patent 408366 (1992) and /. Acquired Immune Defic. Syndr. 2000, 23, 227. The 
reaction of the appropriately protected 2'-0-methy]cytidine with (2-decyloxy-3- 
15 dodec)dthio-l-propyl)phosphate [prepared by the reaction of 2-decyloxy-3- 

dodecylthio-l-propanol with POCI3 in ether in presence of triethylamine] under 
refluxing conditions in a toluene-ether mixture furnishes the desired compound. 



EXAMPLE 85 

2'-Q-Methvlcvtidine-5'-rrflc-f3-octad ecvlthio-2-p a Tmitovloxv-l-prDPvl)|)hosphate^ 



- 123- 



wo 02/057425 



PCT/DS02/01531 




This compound is synthesized by die reaction of 2 -O-methylcytidine- 
5 -monophosphoromorpholidate with rac- l-S-octadecyl-2-O-pahmtoyH-thioglycerol 
in pyridine following the similar procedure described for AZT and ddC in J. Med. 
5 Chenu 39: 1111 (1996). 

EXAMPLE 86 

10 Nucleoside 5'-Triphosphates 

The nucleoside 5'-triphosphates of the present invention were prepared 
according to the general procedures described in Chern. Rev.lOO: 2047 (2000). 

EXAMPLE 87 

15 

Purification and Purity Analysis of Nucleoside S'-Triphosphates 

Triphosphates were purified by anion exchange (AX) chromatography 
. using a 30 X 100 nun Mono Q column (Pharmacia) with a buffer system of 50 mM 
Tris, pH 8. Elution gradients were typically from 40 mM NaCl to 0.8 M NaQ in two 

20 column volumes at 6.5 mL/min. Appropriate fi-actions firom anion exchange 

chromatography were collected and desalted by reverse-phase (RP) chromatography 
using a Luna C18 250 x 21 mm column (Phenomenex) with a flow rate of 10 ml/min. 
Elution gradients were generally from 1% to 95% methanol in 14 min at a constant 
concentration of 5 mM triethylammonium acetate (TEAA). 

25 Mass spectra of the purified triphosphates were determined using on- 

line HPLC mass spectrometry on a Hewlett-Packard (Palo Alto, CA) MSD 1 100. A 
Phenomenex Luna (C18(2)), 150 x 2 mm, plus 30 x 2 mm guard column, 3-nm 
particle size was used for RP HPLC. A 0 to 50% linear gradient (15 min) of 
acetonitrile in 20 mM TEAA (triethylammonium acetate) pH 7 was performed in 
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series with mass spectral detection in the negative ionization mode. Nitrogen gas and 
a pneumatic nebuHzer were used to generate the electrospray. the mass range of ISO- 
POO was sampled. MolecuJar masses wore determined using the HP Oiemstation 
analysis package. 

^ Tbe purity of the purified triphosphates was determined by analytical 

RP and AX HPLC. RP HPLC with a Phenomonex Luna or Jupter column (250 x 
4.6 mm), 5-nm particle size was typicaUy run with a 2-70% acetonitrile gradient in 
15minin 100 mM TEAA, pH 7. AX HPLC was paformed on a 1.6 X 5 mm Mono 
Q column (Pharmacia). Triphosphates were eluted with a gradient of 0 to 0.4 M 
10 NaCl at constant concentration of 50 mM tris, pH 8. Purity of the triphosphates was 
generally >80%. 

EXAMPLE RR 

15 Nucleoside 5'-Monophosphates 

The nucleoside 5'-monophosphates of the presait invoition w«e 
prepared according to the gepetal procedure described in Tetrahedron Lett. 50: 5065 
(1967). 

20 EXAMPLE 89 

2-Amino-9- (B-D-arabinofuranosyIV-9g-purin-6riffl-nnft 

O 

N 



25 




\ LoH 

h6 . 

This compound was obtained fix)m commercial sources. 
EXAMP1JB90 

3'-Deoxv-3'-methvlguanosine 
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O 




mI t)H 



Tliis compound was iropared foUowmg procedures described in U.S. 
Patent No. 3,654,262 (1972). 

5 EXAMPI£91 . 

2'-r)-f4-(Tmi dazolvl-l'>batvnguanosine 



O 




10 Step A: 2'-r)-r4-(Tmi dazolvl-l'>butvn-2-aminoadenosine 

A solution 2-anunoadenosine (7.36 g, 26 mmol) in dry DMF (260 mL) 
was treated portionwise with 60% NaH (3.92 g, 1000 mmol). After 1 hr., a solution 
of bromobutylimidazole (9.4 g, 286 mmol) in DMF (2Qml) was added. After 16 his., 
the solution was cone, in vacuo, partitioned between HzO/EtOAc and separated. The 

15 aqueous layer was evaponded, and the residue was chromatognq>hed on silica gel 
(CHCla/MeOH) to afford the title nucleoside aS a white solid; yield 4.2 g. 
'H NMR (pUSO-ds): 5 139 (t, 2H). 1.67 (t. 2H), 3.3-3.7 (m, 4H). 3.93 (m, 3H). 4.29 
(m, 2H), 4.40 (d, IH), 5.50 (5, IH), 5.72 (d, IH), 5.82 (bs, 2H). 6.72 (bs, 2H). 6.86 (s. 
IH), 7.08 (s. IH), 7.57 (s, IH). 7.91 (s, IH). 

20 

Step B: 2'-0-r4-rrmidazolvl-l')butvnguanosine 
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A mixture of the intermediate from Step A (3.2 g, 8 mmol) in H2O 
(200 mL), DMSO (10 mL), trisodium phosphate (10 g), and adenosine deaminase (0.3 
g) was stirred at room temperature and pH 7. The solution was fUtered and and then 
evaporated. The resulting solid was crystallized from EtOAc/MeOH to afford the title 
S compound as a white solid; yield 2.6 g. 

'H NMR (DMSCNfc): 5 1.39 (t, 2H), 1.67 (t, 2H), 33-3.7 (m. 4H), 3.93 (m, 3H), 4.29 
(m. 2H), 5.10 (t, IH), 5.20 (d, IH), 5.79 (d, IH), 6.50 (bs. 2H), 6.86 (s. IH), 7.08 (s. 
IH), 7.57 (s,lH) 7.9 (S.1H). 

10 EXAMPLE 92 

2'-Deoxv-2'-fluoropuanosine 



O 




H(5 If 



TTiis compound was prepared following the conditions described in 
15 Chem. Pharnu Butt. 29: 1034 (1981). 

EXAMPLE 93 

2'-Deoxveuanosine 



O 




20 h6 

This compound was obtained from commercial sources. 
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EXAMPLE 94 

2-Ajmino::7d[^^ 

one ' 

O 




Step A: 2.AmiTicv-4 ^hloro-7-f23.5~tri-0-benzvl-B-D-arabinofu 
pVPrDlor23- /fl-pvriiriirimft 

To a suspension of 2-amino-4K;hloro-lJ?-pyrrolo[23-d[|pyrmiic^ 
rLiebies Ann. Chem.!: 137 (1983)] (3.03 g, 18 nrniol) in anhydrous MeCN (240 mL), 
powdered KOH (85%; 4,2 60 minol) and lris[2-(2.methoxyethoxy)-ethyl]aimne 
(0.66 mL, 2.1 mmol) were added and the mixture was stirred at room temperature for 
10 min. Then a solution of 2,3,5-tri-O-benzyl-D-arabinofuranosyl bromide [prepared 
from, corresponding l-O-p-nitrobenzoate (11.43 g, 20.1 mmol) according to Seela et 
al., J. Org. Chem, (mi), 47, 226] in MeCN (10 mL) was added and stirring 
continued for another 40 min. Solid was filtered off, washed with MeCN (2 x 25 mL) 
and combined filtrate evaporated. The residue was purified on a silica gel column 
with a solvent system of hexanes/EtOAc: 7/1, 6/1 and 5/1. Two main zones were 
separated. From the more rapidly migrating zone was isolated the a anomer (0.74 g) 
and from the slower migrating zone the desired P anomer (4,01 g). 

StepB: 2-Amino-7-(B-D"arabinofuranosvIV4-chloro-7H-pviTOlor2,3- 
^pvrimidine 

To a solution of the compound from Step A (4.0 g, 7 mmol) in CH2CI2 
(150 ml) at - 78 ""C was added a solution of 1.0 M BCli in CH2CI2 (70 mL, 70 mmol) 
during 45 min. The mixture was stirred at «-78 ^'C for 3h and at -20 ""C for 2.5 h. 
MeOH-CH2Cl2 (70 mL, 1:1) was added to the mixture. Which was then stirred at 
-20 ''C for 0.5 h and neutralized with cone, aqueous NH3 at 0**C. The mixture was 
stirred at room temperature for 10 min. and then filtered. The solid was washed with 
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MeOH-CH2Cl2 (70 mL, 1 :1) and the combined filtrate evaporated. The residue was 
purified on a silica gel column with a solvent system of CH2Cl2/MeOtt 20/1 to give 
the desired nucleoside (1.18 g) as a white solid. 

5 Step C: 2-Amino~743.5-0-fl.l334etraisopropvldisiloxane->h3-divlV6-D- 
arabinofiiranosvl1-4"Chloro-7g-pvn'oIor23-rf1pvrinaidine 
The compound from Step B (0.87 g, 2.9 mmol) and imidazole (0.43 g, 
5.8 mmol were dissolved in DMF (3.5 mL). l,3-Dichloro-l,l,33- 
tetraisopropyldisiloxane (1.0 mL) was added to the solution. The reaction mixture was 
10 stirred at room temperature for 1 h and then evaporated. The residue was partitioned 
between CH2CI2 (150 mL) and water (30 mL). The layers were separated. The 
organic layer was dried (Na2S04) and evaporated. The residue was purified on a silica 
gel column with a solvent system of hexanes/EtOAc: 7/1 and 5/1 to give the title 
compound (1 .04 g). \ 

15 

StepD: 2>Amino-7-r 2-O^acetvl-3-5-0-a J .3.3-tetraisopropvldisiloxane-l,3- 
diYl)-B-D-arabinDfuranosvl l-4H:Moro-7H-.pvirolor23-i/|pvrimidine 
A mixture of the compound from Step C (0,98 g, 1.8 mmol) in MeCN 
(12 mL), EtaN (0.31 mL) AC2O (0.21 mL) and DMAP (5 mg, 0.25 eq.) was stined at 
20 room temperature for 5 h and then evaporated. The oily residue was dissolved in 

EtOAc (200 mL), washed with water (2 x 20 mL), dried (Na2S04) and evaporated to 
yield pure title compound (1.12 g). 

Step E: 2-Amino-7- r2-0-acetvl-P-D-arabinofuranosvn-4>chloro-7j/- 
25 pvrrolor2.3-cnpvrimidine 

To an ice-cold solution of the compound from Step D (0.95 g, 1.63 

namol) in THF (10 mL) and AcOH (0.19 mL) was added dropwise 1.0 M 

tetrabutylanamonium fluoride solution in THF (3.4 mL) and stined at 0 for 15 min. 

The solution was concentrated and the oily residue applied onto a silica gel column 
30 packed in CH2CI2 and eluted with CH2Cl2/MeOH: 50/1 , 25/1 and 20/1. Appropriate 

fractions were pooled and evaporated to give the title nucleoside (0.56 g) as a white 

solid. 

StepF: 2-Amino-7-r2-0-acetvl-3,5-di-0-(tetrahvdro-2>pvranvlVB-D> 
35 arabinofuranosvl1~4>chloro-7g-pvrrolor2.3-rflpvrimidine 

-129- 



wo 02/057425 



PCT/US02/01531 



To a solution of the compound from Step E (0.5 g, 1.46 mmol) in 
' CH2CI2 (10 mL) and 3,4-dihydro-2-/?-pyrane (0.67 mL) was added dropwise TMSI 
(30 ^iL, 0.2 mmol). The reaction mixture was stirred at room temperature for 1 h and 
then evaporated. The oily residue was purified on a silica gel column packed in a 
5 solvent system of hexanes^tOAc/EtsN: 75/25/1 and eluted with a solvent system of 
hexanes/EtOAc: 3/1. The fractions containing the product were collected and 
evaporated to give the desired compound (0.60 g). 

Step G: 2-Amino-7-r 3.5-di-0-rtetrahvdro-2-pvran vl VB-D-arabinofuranos vll-4- 
10 chloro-7g-pvn:olof2.3-rflpvrimidine 

A mixture of the compound from Step F (0.27 g, 0.53 mmol) and 
methanolic anmaonia (saturated at 0 ^C; 10 mL) was kept overnight at 0 ^C. 
Evaporation of the solvent yielded the desired compound (0.25 g). 

15 StepH: 2-Amino-7-r2-deoxv-2-fluoro-3,5>di-0-(tetrahvdro-2->pvranvn-6-D. 
ribofuranosvH-4-chlorD-7g-pvrrolor2.3-rf1pvrinai 
To a solution :of the compound from Step G (0.24 g, 0.51 mmol) in 
CH2CI2 (5 mL) and pyridine (0.8 mL) at -eO^'C was added diethylaminosulfur 
trifluoride (DAST; 0.27 mL) dropwise under Ar. The solution was stirred at -60 °C for 
20 0.5 h, at 0 °C overnight and at room temperature for 3h. The mixture was diluted with 
CH2CI2 (25 mL) and poured into saturated aqueous NaHCOs (15 mL). The organic 
layer was washed with water (10 mL), dried (Na2S04) and evaporated. The residue 
was purified on a silica gel column with a solvent system of hexanes/EtOAc: 5/1 to 
give the title compound (45 mg) as a pale yellow foam. 

25 

Step I: 2-Amina-7-f2-deoxv-2-fluoro-B-D-rib6furanosvl>4-chloro-7g- 
pvrrolor23-rfl-pvrimidine 

A solution of the compound from Step H (40 mg. 0.08 mmol) in EtOH 
(2 mL) was stirred with pyridinium p-toluenesulfonate (40 mg, 0.16 mmol) at 60 ''C 
30 for 3 h. The mixture was then evaporated and the residue purified on a silica gel 
colunm with a solvent system of hexanes/EtOAc: 1/1 and 1/2 to give the desired 
compound (24 mg). 

Step J: 2-Amino-7~( 2-deoxv-2-fluoro-B-D-ribofuranosvlV7H-pvrrolor2-3- 
35 rflpvrimidin-4f3g>>one 

-13d- 
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A mixture of the compound from Step I (4 mg, 0.08 mmol) in 2N 
aqueous NaOH (1.2 mL) was stirred at reflux temperature for 1.5 h. TTie solution was 
cooled in an ice-bath, neutralized with 2 N aqueous HCl and evaporated to dryness. 
The residue was suspended in MeOH. mixed with silica gel and evaporated. The solid 
5 residue was placed onto a silica gel column (packed in a solvent system of 

Cai2Cl2AMeOH: 10/1) which was eluted with a solvent system of CHzClj/MeOH: 
10/1. The fractions containing the product were collected and evaporated to dryness to 
yield the title compound (20 mg) as a white solid. 

'H NMR (CD3OD): 6 3.73. 3.88 (2dd. 2H. 7 = 12.4. 3.8. 2.6 Hz). 4.01 (m. IH) 4 47 
10 (ddd, IH 7= 16.5. 6.6 Hz). 5.14 (ddd. IH. /= 53 , 4.7 Hz), 6.19 (dd, IH. /= 17 8 
3.0 Hz), 6.39 (d, IH, 7= 3.6 Hz), 6.95 (d, IH). 
•'F NMR (CD3OD): 6 -206.53 ( dt). 



15 



20 



EXAMPT.R OS 

2-Amino-7-(P-D-ribofuranosvlV7H-p viTnln r 2.3-^p vrimiH. n-4r3gVonp. 

' • O 




HO-A^^A^' "N' "NH2 
H(5 hh 

This compound was prepared following the piwedures described in J. 
Chem. Soc. Perkin Trans. 1, 2375 (1989). 

EXAMPLE 9fi 

2-Amino-7-(2-deoxy-p-D-ribofiiranosvn-7f/-p vrrn lor2.3-dlnvrimiHin..d( c»i7) 
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H(5 

This compound was prepared following the procedures in Tetrahedron 
Lett. 28: 5107 (1987). 

EXAMPLE 97 

6-Amino-l-(2-0-methvl-B-D-ribofurano svlVlH-iinida7^r4.S-g1^an-^^ 

O 




HO OMe 



This compound was prepared in a manner similar to the preparation of 

10 2-amino-7-(3-deoxy-3-fluoro-p-D-ribofuranosyl)-7^?-p)woIo(23-iflpyriniidin-4(3/0- 
one (Example 23). 

EXAMPLE 98 

15 6-Arnino-l-f2-deoxv-P- D-ribofuranosYlVl/f-iniidazor4.5-c1pvridin-4('5/f>-one 
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This conq)oiind was prepared following the procedures described in J. 
Med. Chem. 26: 286 (1983). 

EXAMPLE 99 

6-Aimno-l-(3-deoxv-3-methvl-B-D-ribofu ranosvlVlg-inudazor4.S-c1pvridin^^^ 
one . 




Me OH 



This compound was prepared in a manner similar to the preparation of 

2-amino-7-(3-deoxy-3-fluoro-P-D-ribofuranosyl)-7H-pynt)lo[23-^i]pyriniidin-4(3/Z> 
one (Example 23). 

EXAMPLE 100 

15 

6-Amino-1 -(2-demtv-?rfluoro-B-D-ribo furanosvlV1 ff-imidazor4.5.c1pvridin^rSflV 
one 
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H0-'\^0^' ^ "NH2 
H(5 F 

This compound was prepared in a manner similar to the preparation of 

2-aniino-7-(3-deoxyO-fluoro-P-D-iibofuranosyl)-7H-pyiTolo[2,3-d]pyrimidi^^ 
one OBxampIe 23). 

5 

EXAMPLE 101 

6-Amino-l-fB-D-arabin ofuranosvlVlg-imidazor4j-clpvridin-4(5g)-K^ 

O 

N 



HO 

A preparation of this compound is given in Eur. Pat. Appln. 43722 Al 




10 

(1982), 



EXAAlPLEin?. 
15 2'-Q-r2-f//.iV-diethYlaiTiinn oxv)ethvn-5-methvlaridinft 
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h6 %^-\ 

^0NEt2 

Step A: 5'-0-tert-Butvldiphcnvlsilvl-2*-Q-(2-hvdroxvethvlV5-methvlm 

In a 2 L stainless steel, unstirred pressure reactor was added borane in 
tetrahydrofuran (1.0 M, 2.0 eq, 622 mL). In the fume hood and with manual stirring, 
5 ethylene glycol (350 mL, excess) was added cautiously at first until the evolution of 
hydrogen gas subsided. 5'-0-tert-ButyldiphenyIsilyl-0^-2'-anhydro-5-methyluridine 
(149 g, 0.311 mol) and sodium bicarbonate (0.074 g) were added with manual stirring. 
The reactor was sealed and heated in an oil bath until an internal temperature of 160^C 
was reached and then maintained for 16 h (pressure < 100 psig). The reaction vessel 
. 10 was cooled to ambient and opened. The reaction mixture was concentrated under 
reduced pressure (10 to Inun Hg) in a warm water bath (40-100 **C) with the more 
extreme conditions used to remove the ethylene glycol. The residue was purified by • 
column chromatography (2 kg silica gel, ethyl acetaterhexanes gradient 1:1 to 4:1). 
The appropriate fractions were combined, stripped and dried to product as white crisp 
15 foam (84 g), contaminated starting material (17.4 g) and pure reusable starting 
material (20 g). TLC and NMR were consistent with 99% pure product. 

NMR (DMSO'de): 5 1.05 (s, 9H), L45 (s, 3H), 3.5-4.1 (m, 8H), 4.25 (m, 1 H), 
4.80 (t, 1 H), 5.18 (d, 2H), 5.95 (d, 1 H), 7.35«7.75 (m, 1 1 H), 11.42 (s, 1 H). 

20 StepB: 2*-0-f2-(2-phthalimidoxv)ethvlV5-t-butvldiphenvlsilvl-5- 
methvluridine 

5'-0-tert-Butyldiphenylsilyl-2'-0-(2-hydroxyethyl)-5-methyluridine 
(20 g, 36.98 mmol) was mixed with triphenylphosphine (11.63 g, 44.36 mmol) and 
hydroxyphthalimide (7.24 g, 44.36 nomol). It was then dried over P2O5 under high 
25 vacuum for two days at 40°C. The reaction mixture was flushed with argon and dry 
THF (369.8 mL) was added to get a . clear solution. Diethyl azodicarboxylate (6.98 
mL, 44.36 mmol) was added dropwise to the reaction mixture. Thcrate of addition 
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was maintained such that resulting deep red coloration is just discharged before 
adding the next drop. After the addition was complete, the reaction was stirred for 4 
h. By that time TLC showed the completion of the reaction (ethyl acetate/hexane, 
60:40). The solvent was evaporated under vacuum. Residue obtained was placed on 
5 a flash silica gel column and eluted with ethyl acetate-hexane (60:40) to give the title 
compound as a white foam (21 .8.g). 

'HNMR (DMSO-*): 5 11.32 (s. IH), 7.82 (m. 4H), 7.6-7.65 (m. 5H). 7.34-7.46 (m. 
6H). 5.90 (d, IH, J = 6Hz). 5.18 (d, /= 5.6 Hz), 4.31 (bs. 2H), 4.25 (m, IH), 4.09 (t, 
IH, J = 5.6 Hz). 3.81-3.94 (m, 5H), 1.44 (s, 3H), LI (s, 9H); NMR (CDCI3): 5 
10 1 1.8. 19.40. 26.99, 62.62. 68.36. 68.56. 77.64. 83.04. 84.14, 87.50. 1 10^93. 123.59. 
127.86, 129.89, 132.45. 134.59. 134.89. 135.17. 150.50. 163.63. 163.97; MS [FAB] 
/n/z684[M-H]-. 

S^BS 5'-0-ter?-Butvldiphenvlalvl- 2'-0-r2-facetaldoxiiniTionyY> ^hy11-^ 
15 methvluridine 

2'-0-[2-(2-Phthalimidoxy)ethyl]-5'-t-butyldiphenylsilyl-5- 
methyluridine (10 g. 14.6 m^iol) was dissolved in CH2CI2 (146 mL) and cooled to - 
10 "C in an isopropanol-diy ice bath. To this methylhydrazine (1.03 mL, 14.6 mmol) 
was added dropwise. Reaction mixture was stirred at -10 "C to 0 "C for 1 h. A white 

20 precipitate formed and was filtered and washed thoroughly with CH2CI2 (ice cold). 
The filtrate was evaporated to dryness. Residue was dissolved in methanol (210 mL) 
and acetaldehyde (0.89 mL, 16 mmol) was added and stirred at room temperature for 
12 h. Solvent was removed in vacuo and residue was purified by silica gel column 
chromatography using and ethyl acetate/hexane (6:4) as solvent system to yield the 

25 title compound (4.64 g). 

'HNMR PMSO^): 6 1.02 (s. 9H). 1.44 (s. 3H), 1.69 (dd, 3H. /= 5.6 Hz), 3.66 (m. 
IH). 3.76 (m. 2H). 3.94 (m. 2H). 4.05 (s. 2H). 4.15 (m. IH), 4.22 (m, IH), 5.18 (d, 

IH. / = 6.0 Hz). 5.9 (dd, IH. / = 4.4 Hz). 7.36 (m, IH), 7.40 (m, 7H). 7.63 (m. 5H), 

II. 38 (s, IH). NMR (CDQs): 5 11.84. 15.05. 19.38, 26.97. 63.02. 68.62. 70.26. 
30 71.98, 72.14, 82.72, 84.34, 87.02, 111.07, 127.89, 130.«2, 134.98, 135.13, 135.42, 

147.85, 150.51. 164.12; HRMS (FAB) Calcd for CaoHss^sO, SiNa® 604.2455, fomd 
604.2 47L 



35 



^^^e^ 5'-0-re/t-Butvldiphenvl.silvl-2' -0-f2-(iV:A/^.HiethvlaminooxvV.thvl>S. 
methvluridine 
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5 '-<?-tert-ButyldiphenylsilyI-2'-0-[2-(acetaldoximinooxy)ethyl]-5- 
methyluridine (4.5 g, 7.74 mmol) was dissolved in IM pyridinium p-toluenesulfonate 
(PPTS) in MeOH (77.4 mL). It was then cooled to 10 "C in an ice bath. To this 
mixture NaBHaCN (0.97 g, 15.5 mmol) was added and the mixture was stirred at 
.5 iCC for 10 minutes. Reaction mixture was allowed to come to room temperature and 
stirred for 4h. Solvent was removed in vacuo to give an oil. Diluted the oil with ethyl 
acetate (100 mL), washed with water (75 mL), 5% NaHCOj (75 mL) and brine (75 
mL). The organic phase was dried ovMT anhydrous Na2S04 and evaporated. Residue 
obtained was dissolved in IM PPTS in MeOH (77.4 mL), acetaldehyde (0.48 mL, 

10 8.52 mmol) was added and stirred at ambient temperature for 10 minutes. Then 
reaction mixture was cooled to 10 in an ice bath and NaBHsCS"? (0.97 g, 15.50 
mmol) was added and stirred at 10 °C for 10 minutes. Reaction mixture was allowed 
to come to room temperature and stirred for 4 h. Solvent was removed in vacuo to get 
an oil. The oil was dissolved in ethyl acetate (100 mL), washed witii water (75 mL), 

15 5% NaHCOs (75 mL) and brine (75 mL). The organic phase was dried over 

anhydrous Na2S04 and evaporated to dryness. Hie residue obtained was purified by 
silica gel cohnnn chromato^phy and eluted with CHaCb/MeOH/NEta, 94 : 5 : 1 to 
give title compound (3.55 g) as a white foam. 

'HNMR (pUSO-de): 50.95 (t. 6H,y = 7.2Hz), 1.03 (s, 9H), 1.43 (s. 3H), 2.58 (q, 
20 4H, / = 7.2 Hz), 3.59 (m, IH). 3.73 (m, 3H), 3.81 (m. IH), 3.88 (m, IH), 3.96 (m, 
2H), 4.23 (m, IH), 5.21 (d, IH, J = 5.6 Hz), 5.95 (d, IH, J= 6.4 Hz), 7.43 (m, 7H), 
7.76 (m, 4H), 11.39 (s, IH); ^'C NMR (CDCI3): 6 11.84, 19.35. 26.97. 52.27, 63.27, 
68.81, 70.27, 72.27. 82.64. 84.47, 86.77, 111.04, 127.87, 130.01, 135.11, 135.41, 
141.32. 150.48, 164.04; HRMS (FAB), Calcd for CjaajsNaOvSiCs®. 744.2081, found 
25 744.2067. 

StepE: 2'-0-r2-fMjV- dietiivlaminooxv^etiivn-5.inftthvlnririine 

A mixture of trietiilyamine tiihydrogenfluoride (4.39 mL, 26.81 mmol) 
and tiiefliylamine (1.87 mL, 13.41 mmol) in THF (53.6 mL) was added to 5'-0-tert- 

30 butyldiphenylsilyl-2'-0-(2-(iV,iV-dieUiylaminooxy)etiiyl]-5-methyluridine (3.28 g. 
5.36 mmol). The reaction mixture was stirred at room temperature for 18 h. Solvent 
was removed /nvacHo. The residue was placed on a silica gel column and eluted 
with CHzCb/MeOH /NEtj. 89 : 10: 1, to yield tiie tiUe compound (1.49 g). 
"H NMR (DMSO-rftf): 5 0.97 (t, 6H, J = 7.2 Hz), 1.75 (s, 3H), 2.58 (q. 4H, J = 7.2 

35 Hz), 3.55 (m, 4H), 3.66 (m, 2H). 3.83 (bs, IH), 3.95 (t, IH. J = 5.6 Hz), 4.1 1 (q, IH. J 
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= 4.8 Hz and 5.6 Hz), 5.05 (d, IH. J = 5.6 Hz), 5.87 (d. IH. 7 = 6.0 Hz), 7.75 (s. IH), 
11.31 (s. IH); "C NMR (CDCI3): 5 11.75, 12.27, 52.24. 61.31, 68.86, 70.19. 72.25. 
81.49, 85.10, 90.29, 110.60, 137.79. 150.57, 164.37; HRMS (FAB) Calcdfor 
C16H28N3O7® 374.1927, found 374.1919. 

5 

EXAMPLE 103 
M2-C-Methvl-P-T) -arabinofuranosvnuracil 



O 




hid 'Me 



TMs compound was pr^ared foUovwng the procedures descrite^ 
Chem. Pharm. Bull 35: 2^5 0.987). 



EXAMPLE 104 

15 5-Methvl-3'-deoxvcvtidine 

Me 

This compound was prepared foDowing the procedures described in Chetn. 
Pharm. BuU. 30: 2223 (1982). 

20 
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EXAMPLE 105 

2-Amino-2*-Q>methvladenosine 

NH2 



This compoond was obtained from comm^ial sources. 
EXAMPLE 106 

2'-Deoxv-2'-fluoroadenosine 

NHo 



10 Hd F ' 

This compound was obtained from commercial sources. 

EXAMPLE 107 

15 3'-Deoxv-3'-fluoroadenosine 
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NHo 




F 5h 

This compound was prepared following the procedures described in 
Nucleosides Nucleotides 10: 719 (1991). 

EXAMPLE 108 

3'-Deoxv->3'-methvladeno5sine 




mI 6h 

This compound was prepared foUowing the procedures descaibed in /. 
10 Med. Chem. 19: 1265 (1976). 

EXAMPLE 109 

2-Aimno-7-f2-deoxv-B-I>-ribofuraiio!wlV 7g-Dvm)lor2.3-f/ltivrimidine 

NHa 




15 H(5 
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This compound was prepared following the procedures described in J. 
Am. Chem. Soc. 106: 6379 (1984). 

EXAMPLE 110 

5 

4-Amino-7-(B-D-arabinofuranosvlV7g-pvrrolor2.3-gnpvrimidine 

NHa 




HO 

This compound is described in U.S. Patent 4,439,604, which is incorporated 
by reference herein in its en^rety. 
10 I 

EXAMPLE 111 

4-Amino-l-(3-deoxv-3-fluoro-fi-D-ribofuranosvl')-li?-imidazof4.5-c1pvridine 

1 5 This compound can be prepared readily by the similar method 

described for the preparation of Example 24.except the nucleobase is 3-deazaadenine. 

EXAMPLE 112 

20 4-ATninn.7-f6-D-ribofu ranosvIV7H-pvnrolor2.3-rflDvrimidine ftubercidin'> 
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This compound was obtained from commercial sources. 
EXAMPLE 113 

5 

4-Amino-l-(3-^eoxv-B-D-ribofuranosvlVlfl-imidazor4,5-c1pvridine 




This compound is described in >)icta Crystcdlogr., Sect. C: Cryst. 
Struct. Commun. C43: 1790 (1987). 

10 

EXAMPLE 114 

4-ATnino-l-(3-deoxv-3-inethvl-P-D-ribofiiranosvlVlg-imidazor4.5-cTpvridine 




mI "oh 
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The procedure described earlier for Example 23 is used to synthesize 
this example by reacting the appropriately substituted 3-C-methyl-sugar intermediate 
with a protected B-deazaadenine derivative. 

5 EXAMPLE 115 

4-Amino- 1 -B-D-ribofuranosvl- lH-imidazor4.5"Clpvridine 




h6 



This compound was obtained jfrom commercial sources. 

10 

' EXAMPLE 116 
9-f2"C-Methvl"B-D-arabinofuranosvDadenine 




h6 "bHa 



15 This compound is prepared from 4-amino-9-(3,5-bis-0-tert- 

butyidimethylsilyl-P-D-eiytbro-pentofuran-2-ulosyl)^ 1992, 35, 

2283) by reaction with MeMgBr and deprotection as described in Example 6L 



EXAMPLE 117 

20 

4-Amino-7"(2'C"ethvl-B'D-ribofuranosvlV7//--pvrrolor23~^pyrimidine 
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NH2 



HO 



\ ^ CH2CH3' 

h6 hn 



Step A: 



3,5-Bis-0->f2,4-dichlorophenvlmethvlV2-C>ethvl-l-Q-methvl-a-D> 



ribofuranose 



To diethyl ether (300 mL) at ~78°C was slowly added EtMgBr (3.0 M, 



5 16.6 mL) and then dropwise the compound from Step B of Example 62 (4.80 g» 10.0 
mmol) in anhydrous Et20 (100 mL). The reaction mixture was stirred at -78 for 15 
min, allowed to warm to -15°C and stirred for another 2 h, and then poured into a 
stirred mixture of water (300 mL) and Et20 (600 mL). The organic phase was 
separated, dried (MgS04), and evaporated in vacuo. The crude product was purified 
10 on silica gel using ethyl acet^te/hexane (1:2) as eluent. Fractions containing the 

product were pooled and evsiporated in vacuo to give the desired product (3.87 g) as a 
colorless oil. 

StepB: 4-Chloro-7-r3.5>bis-0-(2,4-dichlorophenvlmethvlV2-C-ethvl-B-I> 
15 ribofuranosvlV7jf-pvrrolof23-rf1pvrimidine 



dichloromethane (40 xnL) was added HBr (5.7 M in acetic acid) (1.75 mL, 10.0 mmol) 
dropwise at 0°C. The resulting solution was stirred at rt for 2 h, evaporated in vacuo 
' and co-evaporated twice from toluene (10 mL). The oily residue was dissolved in 

20 acetonitrile (10 mL) and added to a vigorously stirred mixture of 4-chloro-lfl- 
pyn:olo[2,3-<i]pyrimidine (307 mg, 2.0 mmol), potassium hydroxide (337 mg, 6.0 
mmol) and tris[2-(2-methoxyethoxy)ethyl]amine (130 mg, 0.4 nunol) in acetonitrile 
(10 mL). The resulting mixture was stirred at room temperature overnight, and then 
poured into a stirred mixture of saturated ammonium chloride (100 mL) and ethyl 

25 acetate (100 mL). The organic layer was separated, washed with brine (100 mL), 

dried over MgS04, filtered and evaporated in vacuo. The crude product was purified 
on silica gel using ethyl acetate/hexane (1:2) as eluent to give the desired product (307 
mg) as a colorless foam. 



To a solution of the compound from Step A (1.02 mg, 2.0 mmol) in 
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Step C: 4-Chloro>7>a-C-etfavl-B-D-ribofuranosvlV7H-pvn:olof23- 
gnpvrimidine 

To a solution of the compound from Step B (307 mg, 0.45 mmol) in 
dichloromethane (8 mL) was added boron trichloride (IM in dichloromethane) (4.50 
5 mL, 4.50 mmol) at -78°C. The mixture was stirred at -78°C for Ih, then at -10°C for 
3h. The reaction was quenched by addition of methanol/dichloromethane (1:1) (10 
mL), stirred at -15**C for 30 min, and neutralized by addition of aqueous ammoniiun 
hydroxide. The mixture was evaporated in vacuo and the resulting oil purified on 
silica gel using methanol/dichloromethane (1:9) as eluent. Fractions containing the 
10 product were pooled and evaporated in vacuo to give the desired product (112 m^ as 
a colorless foam. 

StepD: 4-Amino-7-(2-C-ethvl-p-D-ribofuranosvlV7g>pvrrolor23- 
t/lpvrimidine 

15 To the compound from Step C (50 mg, 0. 16 mmol) was added 

saturated ammonia in methanol (4 mL). The mixture was stirred at 75X for 72 h in a 
closed container, cooled and:,evaporated in vacuo. The crude mixture was purified on 
silica gel using methanol/dichloromethane (1:9) as eluent Fractions containing the 
product were pooled and evaporated in vacuo to give the desired product (29 mg) as a 

20 colorless powder. 

iH NMR (200 MHz, DMSO-d^: 5 0.52 (t, 3H), 1.02 (m, 2H), 4.01-3.24 (m, 6H), 

5.06 (m, IH), 6.01 (s, IH), 6.51 (d, IH), 6.95 (s br, 2H), 6.70 (d, IH), 7.99 (s, IH). 
LC-MS: Found: 295.2 (M+H+); calc, for C13H18N4O4+H+: 295.14. 

25 EXAMPLE 118 

2-AininO"7-(2"C-methv!-P-D"ribofuranosvl)-7H-pvrrolor2.3-rflpvrin^ 



O 




HO OH 
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^^P^- - 2-Amino-4-chloro-7-r,^'i-hi«- 0.f2.4-dichlorophenvlmethvl> .?.r'- 
methvl-B-D-rihnfiir anosvlV7ff-pY;Tolor2.3-rflpvriniifKnf> 
To an ice-cold solution of product from Step C of Example 62 (1.27 g, 
2.57 mmol) in CH2CI2 (30 mL) was added HBr (5.7 M in acetic acid; 3 mL) dropwise. 
5 The reaction mixture was stirred at room temperature for 2 h, concentrated in vacuo 
and co-evaporated with toluene (2 x 15 mL), The resulting oil was dissolved in 
MeCN (15 mL) and added dropwise into a well-stirred mixture of 2-amino-4-chloro- 
7H-pynDlo[2,3-</lpyrimidine [for preparation see Heterocvcles 35: 825 (1993)] (433 
mg. 2.57 mmol). KOH (85%, powdered) (0.51 g, 7.7 mmol), tris-[2-(2- 

10 niethoxyethoxy)ethyl]amine(165ML.0.51mmol)inacetQnitrile(30mL). The 
resulting mixture was stirred at rt for 1 h. filtered and evaporated. The residue was 
purified on a silica gel column using hexanes/EtOAc, 5/1, 3/1 and 2/1 as eluent to 
give the title conq»ound as a colorless foam (0.65 g). 

15 SteaB: 2-Amino^hloro-7-f2-C-Tn«t hvl.B-D.rihnfi.raqosvlV7g-p vrmlnp,i- 
f/lDvrimidine » 

To a solution pf the product from Step A (630 mg, 1.0 mmol) in 
CH2CI2 (20 mL) at -78"'C was added boron trichloride (IM in CH2CI2) (10 mL, 10 
mmol). The mixture was stirred at -78»C for 2 h, then at -20°C for 2.5 h. The reaction 
20 was quenched with CHaClj/MeOH (1:1) (10 mL), stined at -20°C for 0.5 h, and 
neutralized at CC with aqueous ammonia. The solid was filtered, washed with 
CH2Cl2/MeOH (1:1) and the combined filtrate evaporated in vacuo. The residue was 
purified on a silica gel column with CHzCb/MeOH, 50/1 and 20/1 as eluent to give 
the title compound as a colorless foam (250 mg). 



25 



30 



35 



^im£l 2-Amino-7-(2-C-methvl.p- 0.ribofiirannsvlV7g-Dvrmln p., ^- 
fflpvrimidin-4G/n-one 

A mixture of product from Step B (90 mg, 0.3 mmol) in aqueous 
NaOH (2N, 9 mL) was heated at reflux temperature for 5 h, then neutralized at 0*C 
with 2 N aqueous HCl and evaporated to dryness. Purification on a silica gel column 
with OHaClz^VleOH, 5/1 as eluent afforded the tiUe compound as a white solid (70 
mg). 

IH NMR (200 MHz, CD3OD): 5 0.86 (s. 3H). 3.79 (m IH), 3.90-4.05 (m, 3H). 6.06 
(s, IH), 6.42 (d, 7= 3.7 Hz, IH). 7.05 (d, J = 3.7 Hz, IH). 
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EXAMPLE 119 

2-Amino-4-cvclopropvlamino-7-f2-C-methY l -B-D-ribQfaranosvlV7//-p vr^^ 
^pvrimidine 




5 nd t)H 

A solution of 2-ainino-4K:hlQn)-7-(2-C-methyl-P-D-ribofuranosyl)-7fr 
pyrrolo[2,3-£0pyrimidine (Example 118, Step B) (21 mg, 0.07 mmol) in 
cyclopropylamine (0.5 mL) was heated at TO^C for two days, then evsqwrated to an 
oily residue and purified on a silica gel column with CH2Cl2MeOiH, 20/1, as eluent to 
10 give the title compound as a White solid (17 mg). 

IHNMR (200 MHz, CD3CN): 6 0.61 (m, 2H), 0.81 (m, 2H), 0.85 (s, 3H), 2.83 (m, 
IH), 3.74-3.86 (m,.lH), 3.93-4.03 (m, 2H), 4.11 (d, 7= 8.9 Hz. IH), 6.02 (s, IH), ' 
6.49 (d, J = 3.7 Hz, IH), 7.00 (d. 7= 3.7 Hz, IH). 

*5 EXAMPLE 120 

3\5'-Bis-rO-(l-oxooctvl )l-2'-0-methY lr.yHriin>> 




O 
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1,3-Dicyclohexylcarbodiimide (21.48 g, 104 mmol) was dissolved in 
anhydrous dichloromethane (100 mL). To the solution was added octanoic acid (5.49 
mL, 34.5 nunol, made anhydrous by keeping over molecular sieves, 4 A*' overnight at 
room temperature), and the resulting reaction mixture was stirred under argon 
5 atmosphere for 6 h. The white precipitate which formed was filtered, and the filtrate 
was concentrated under reduced pressure. TTie residue obtained was dissolved in 
anhydrous pyridine and added to N4-(4,4'-dimethoxytrityl).2'.0-methylcytidine (0.43 
g, 0.77). DMAP (0.09 g, 0.77 nmiol) was added and the resulting mixture was stirred 
at room temperature under argon atmosphere for 12 h. The solvent was removed 

10 under reduced pressure and the residue obtained was dissolved in ethyl acetate (100 
mL). The organic phase was washed with aqueous sodium bicarbonate (5 %, 50 mL), 
dried over anhydrous Na2S04 and concentrated under reduced pressure. The residue 
was purified by flash silica gel column chromatography and eluted with 5 % MeOH in 
dichloromethane. The product obtained was dissolved in a mixture of acetic acid: 

15 MeOH : H2O (20 mL, 3:6:1). The resulting mixture was heated at 50°C for 24 h. 
The solvent was removed under reduced pressure. The residue obtained was purified 
by flash silica gel colunm chromatography and eluted with dichloromethane 
containing 0 to 5 % of MeOH to give the title compound (0.22 g). 
IH NMR (200 MHz, DMSO^e) 5 0.83 (m, 6H), 1.23 (hr s, 1.51 (m, 4H), 2.33 

20 (m, 4H), 3.26 (s, 3H), 4.06 (t, J =5.2 Hz, IH), 4.21 (m, 3H), 5.11 (t, J = 5.2Hz, IH), 
5.75 (d, J = 7.4 Hz, IH), 5.84 (d, J = 4.8 Hz, IH), 7.26 (br s, 2H), 7.61 (d, J = 7.4 Hz, 
IH). 

MS (ES): m/z 510.3 [M + H]*; HRMS (FAB) Calcd for C26H44N3O7: 510.3179; 
found 510.3170. 

25 

EXAMPLE 121 
4-Aniino- KB-D-ribofuranosvlVlg-pvrazolor3,4-rflpvrLn^ 
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This compound was prepared following procedures ckscribed in 
Nucleic Acids Res .. 1 1: 871-872 (1983). 

EXAMPLE 122 

5 

2'C-Methvl-cvtidine 




This compound was prepared following procedures described in L. 
Beigelman et al., CarfaohvdJRes . 166: 219-232 (1987) or X-Q Tang, et al., J. Org, 
10 Chem . 64: 747-754 (1999). I 

EXAMPLE 123 

4-Amino-7-(2-C-methvl-B-D-ribofuranQsvlWg-pvrroIor2.3-tflpvriinidine-5- 
15 carbonitrile 




This compound was prepared following, procedures diescribed by Y. 
Murai et al. in Heterocycles 33: 391-404 (1992). 

20 
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EXAMPLE 124 

4-A^uno-7- (2-C-methvl-B-D-ribofuranosvIV7/^p\aTolor23-rflpvrim^ 
carboxamide 



HgNOC NHg 




•N 



HO OH 



This compound was prepared following procedures described by Y. 
Murai et al. in Heterocvcles 33: 391-404 (1992). 



10 

S-Amincadoiosine 



EXAMPLE 125 



This compound was prepared following the procedure described in M. 
Bcehafa and S. Yamada, Chem. Pharm. Bull. . 19: 104 (1971). 

15 

EXAMPLE 126 

Mass Spectral Characterization of Nucleoside 5*-Triphosphates 

20 Mass spectra of nucleoside 5'-triphosphates were determined as described in 

Example 87. Listed in the following table are the calculated and experimental masses 
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for the nucleoside 5 '-triphosphates prepared according to the procedures of ExampI 
86. The example numbers correspond to the parent nucleoside of the nucleosicte 5*- 
triphosphate. 



Example 


Calculated 


Found . 


1 


507.0 


506.9 


2 


525.0 


524.9 


5 


537.0 


537.0 


6 


539.0 


539.0 


7 


565.0 


565.0 


8 


547.0 


546.9 


9 


550.0 


550.0 


10 


506.0 


505.9 


11 


536.0 


535.9 


12 


536.0 


536.0 


il3 


561.0 


560.9 


.14 


550.0 


550.0 


15 


524.0 


524.0 


16 


522.0 


521.9 


17 


547.0 


546.9 


18 


536.0 


536.0 


20 


531.0 


530.9 


21 


522.0 


522.0 


22 


536.0 


536.0 


23 


506.0 


506.1 


24 


524.0 


524.0 


25 


508.0 


508.0 


26 


508.0 


508.0 


27 


552.0 


552.0 


28 


506.0 


506.0 


29 


579.0 


578.9 


30 


582.0 


582.0 


. 31 


568.0 


567.9 
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32 






33 


S4n 0 




34 


S54 n 




35 


^6R n 




36 


541 fl 


<yl1 A 

!>41.U 


37 




J04.9 


38 


5d9 n 


</l 1 o 


39 


JJ*f ,u 


A 


41 




4ol.U 


42 


*tO/.U 


ACJl A 

40/.U 


4*^ 




A O /f ■' O 


46 


/IR9 A 


4o2.0 


ATI 




485.8 


4R 


/ICO A 


482.0 


40 




CCA t\ 

554.0 


^1 


400.U 


A^O •* 

468.1 




<91 A 


521.0 






491.2 






585.1 






CO 1 o 

521.2 




^A#; A 


306.0 


61 
ux 


COA A 


CI n n 
519.9 


69 


^9A A 


con A 

520.0 


63 




CAn A 

D47.0 


64 




coo A 

533.0 


65 




CACS A 

549.0 


67 


551.0 


551 0 


68 


515.0 


514.9 


69 


520.0 


520.1 


71 


490.0 


489.9 


89 


523.0 


522.9 


90 


521.0 


520.9 


91 


645.1 


645.0 
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94 


524.0 


59'^ 0 


95 


522.0 




98 


536.0 




99 


520.0 




102 • 


613.i 




103 


498.0 




104 


481.0 


4R1 O 

HO 1.1/ 


105 


536.0 


536.2 


106 


509.0 


508.9 


108 


505.0 


505.0 


112 


506.0 


506.1 . 


113 


490.0 


490.0 


117 


534.0 


534.0 


118 


536.0 


536.0 



EXAMPLE 127 



f4-Amino-7-f2- C-methvl - B-l>ri bofurano.svlV7;^pvrrolor2.3wf|-^^ 
^ monophosphate 



10 




To the compound from Step F of Example 62 (14 mg. 0.05 mmol) 
(dried by coevaporation with pyridine and several times with toluene) was added 
trimethyl phosphate (0.5 mL). The mixture was stined overnight in a sealed 
container. It was then.cooled to CC and phosphorous oxychloride (0.0070 mL. 0.075 
mmol) was added via a syringe. The mixture was stirred for 3 h at 0°C, then the 
reaction was quenched by addition of tetraethylammonium bicarbonate (TEAB) (IM) 
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(0.5 mL) and water (5 mL). The reaction mixture was purified and analyzed 
according to the procedure described in Example 87. 
Electron spray mass spectrum (ES-MS): Found: 359.2 (M-H*). calc. for 
Ci2Hi7N407P-H^: 359.1. 



5 



EXAMPLE 128 



15 



20 



r4-Ani[no-7-f2-C-methvl -B-D~ribofuranosvlV7H-pmolor23>rfl-pvrin^ 
diphosphate 



To the compound from Step F of Example 62 (56 mg, 0.20 mmol) 
(dried by coevaporation with pyridine and several times with toluene) was added 
trimethyl phosphate (stored over sieves) (1 ,0 mL). The mixture was stiired overnight 
in a sealed container. It was then cooled to 0°C and phosphorous oxychloride (0.023 
mL, 0.25 mmol) was added via a syringe. The mixture was stirred for 2 h at O^^C, then 
tributylamine (0.238 mL, 1.00 mmol) and tributylammonium phosphate (generated 
from phosphoric acid and tributylamine in pyridine, followed by repeated azeotropic 
evaporation with pyridine and acetonitrile) (1.0 mmol in 3.30 mL acetonitrile) was 
added. The niixture was stiixed for an additional 30 min at O^C, the sealed vial was 
then opened and the reaction quenched by addition of TEAB (IM) (1.0 mL) and water 
(5 mL). The reaction mixture was purified and analyzed according to the procedure 
described in Example 87. 

ES-MS: Found: 439.0 (M-lf), calc. for Ci2Hi8N40,op2- H*-; 439.04. 



r4-Amino-7 >(2>C-methvl-B-D-ribofuranosvlV7H-pvn^olor23>rfl-pvrimidine%^^ 
triphosphate 




NH2 



h6 hn 



EXAMPLE 129 
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H6 t)H 

To the compound from Step F of Example 62 (20 rag, 0.07 mmol) 
(dried by coevaporation with pyridine and several times with toluene) was added 
trimethyl phosphate (stored over sieves) (0.4 mL). The mixture was stirred overnight 
5 in a sealed container. It was then cooled to O^^C and phosphorous oxychloride (OSXHO 
naU 0.075 namol) was added via syringe. The mixture was stirred for 3 h at 0°C. then 
tributylamine (0.083 mL, 0.35 mmol), tributylammonium pyrophosphate (0,35 mmol, 
127 mg) and acetonitrile (stored over sieves) (0.25 mL) were added. The mixture was 
stirred for an additional 30 min at 0°C, the sealed vial was then opened and the 
10 reaction quenched by addition of TEAB (IM) (0.5 mL) and water (5 mL). The 

reaction mixture was purified and analyzed according to the procedure described in 
Example 87. 

ES-MS: Found: 519.0 (M-H^, calc. for C12H19N4O13P3- : 519.01. 
15 EXAMPLE 130 

7-(2-C-methvl-B'D"ribofuranosvlV7jg>pvn:olof23-tflpvrinMdin-4G 



O 




To the compound from Step E of Example 62 (59 mg, 0.18 mmol) was 
20 added aqueous sodium hydroxide (IM). The mixture was heated to reflux for Ihr, 
cooled, neutralized with aqueous HCl (2M) and evaporated in vacuo . The residue 
. was purified on silica gel using dichloromethane/methanol (4:1) as eluent. Fractions 
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containing the product were pooled and evaporated in vacuo to give the desired 
pnxiuct (53 mg) as a colorless oil. 

IH NMR (CD3CN): 6 0.70 (s. 3H), 3.34-4.15 (overlapping m. 7H). 6.16 (s, IH), 6.57 
(d, 3.6 Hz, IH), 7.37 (d, 3.6 Hz, IH), 8.83 (s, IH). 

5 

EXAMPLE 131 

4-Amino-5-chloro-7-f2-C- methvl-B-D-ribofiiranosvlV7H-pvnx)lor2.3-rflpvriiTiidine 

CI NH2 



20 




10 To a pre-cooBpd solution (0°C) of the compound from Step F of 

Example 62 (140 mg, 0.50 mmol) in DMF (2.5 mL) was added //-chloiosuccinimide 
(0.075 g, 0.55 mmol) in DMF (0.5 mL) dropwise. The solution was stirred at rt for Ih 
and the reaction quoiched by addition of methanol (4 mL) and evaporated in vacuo. 
The crude product was purified on silica gel using methanol/dichloromethane (1:9) as 

15 eluent. Fractions containing the product were pooled and evaporated in vacuo to give 
the desired product (55 mg) as a colorless solid. 

IHNMR (CD3CN): 6 0.80 (s, 3H), 3.65-4.14 (overlapping m, 7H), 5.97 (s br, 2H). 
6.17 (s, IH), 7.51 (s, IH), 8.16 (s, IH). 

ES-MS: Found: 315.0 (M+H*), calc.forCi2Hi5CIN404-hH*: 315.09. 



EXAMPUB132 

4-Amino-5-bromo-7-f2-C -metfavl-B-D-ribofiiranosvlV7g-pvrrolor2.3-rflp vriinidinp, 
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10 



15 




HO OH 



To a pre-cooled solution (0°C) of the compound from Step F of 
Example 62 (28 mg, 0.10 mmol) in DMF (0.5 mL) was added iV-bromosuccinimide 
(0.018 g, 0.10 mmol) in DMF (0.5 mL) dropwise. The solution was stirred at 0"C for 
20 min, then at rt for 10 min. The reaction was quenched by addition of methanol (4 
mL) and evapOTated in vacuo. The crude product was purified on silica gel using 
methanol/dichloromethane (1:9) as eluent. Fractions containing the product were 
pooled and evirated in vacuo to give the desired product (13.0 mg) as a colorless 
solid. 

IH NMR (CD3CN): 6 0.69 Cf, 3H), 3.46-4.00 (overlapping m, 7H). 5.83 (s br, 2H). 
6.06 (s, IH), 7.45 (s, IH), 8.05 (s. IH). 

ES-MS; Found; 359.1 (M+lT), calcfor Ci2H,5BrN404 + it: 359.04. 

EXAMPLE 133 

2-Amino-7-(2-C-methvl-B-D-nT)of\iranns vlV7g-pviTo1nr2.3-rflDvrimiH^^^^^ 



HO-X^O^^ N'^NHa 
Hd t)H 

A mixture of 2-amino-4-chloro-7-(2-C-methyl-P-D-ribofuranosyl)-7H- 
pyrrolo[2,3-£qpyrimidine (Example 118, Step B) (20 mg, 0.07 mmol) in EtOH (1.0 
20 mL), pyridine (0.1 mL) and 10% Pd/C (6 mg) under H2 (atmospheric pressure) was 
stirred overnight at room temperature. The mixture was filtered through a Celite pad 
which was thorougly washed with EtOH. The combined filtrate was evaporated and 
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purified on a silica gel column with CH2Cl2/MeOH, 20/1 and 10/1, as eluent to give 
the title compound as a white solid (16 mg). 

iH NMR (200 MHz, CD3OD): 5 0.86 (s, 3H, 2'C.Me), 3.82 (dd, J5M'= 3.6 Hz, Jy^^ = 
12.7 Hz, IH, H-5'), 3.94-4.03 (m. 2H, H-5', H-4'), 4.10 (d, Jy4^ = 8.8 H[z, IH, H-3'), 
5 6.02 (s, IH, H-1 0, 6.41 (d, 75,6 = 3.8 Hz, IH, H-5), 7.39 (d, 1 H, H-6), 8.43 (s, IH, H- 
4). ESMS:281.4(Nffir). 

EXAMPLE 134 

10 2-Amino-5-methvl-7-f2-a2-0-<iimethvl>B-I>-ribofuranos^^^^ 
Jlpvrimidin-4f3H>-one 




Step A: 2-Amino-4-chloro>7-r3,5-bis-0-(2.4-dichlorophenvliDethvlV2~C~ 
methvl~p-D>ribofuranosvl1-5>methvl-7H-pviTolor23'tf]pvrimidine 

15 To an ice«coId solution of the product from Step C of Example 62 

(1.57 g, 3.16 mmoJ) in CH2CI2 (50 mL) was added HBr (5.7 M in acetic acid; 3.3 mL) 
dropwise. The reaction mixture was stirred at 0°C for 1 h and then at room 
temperature for 2 h, concentrated in vacuo and co-evaporated with toluene (2 x 20 
mL). The resulting oil was dissolved in MeCN (20 mL) and added dropwise to a 

20 solution of the sodium salt of 2-amino-4-chloro-5-methyHJ?-pyrrolo[2,3- 

djpyriniidme in acetonitrile [generated in situ from 2-amino-4-chIoro-5-methyH//- 
pyrrolo[2,3-d]pyrimidine [for preparation, see Liebies Ann. Chem . 1984: 708-721] 
(1.13 g, 6.2 mmol) in anhydrous acetonitrile (150 mL), and NaH (60% in mineral oil, 
248 mg, 6.2 mmol), after 2 h of vigorous stirring at rt]; The combined mixture was 

25 stirred at rt for 24 h and then evaporated to dryness. The residue was suspended in 
water (100 mL) and extracted with EtOAc (300 + 150 mL). The combined extracts 
were washed with brine (100 mL), dried over Na2S04, filtered and evaporated. The 
crude product was purified on a silica gel column (5x7 cm) using ethyl 
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acetate/hexane (0 to 30% EtOAc in 5% step gradient) as the eluent. Fractions 
containing the product were combined and evaporated in vacuo to give the desired 
product (0.96 g) as a colorless foam. 

5 StepB: 2~Amino-4-chloro-7-r3.5-bis-0>f2.4--dichlorophenvlmethvlV2>C2-0- 
. dimethyl-B-D-ribofuraDosvll-5-methvl-7g-pvrro]or23-rflpvi^ 
To an ice-cold mixture of the product from Step A (475 mg, 0.7 mmol) 
in THF (7 mL) was added NaH (60% in mineral oil, 29 mg) and stirred at 0 ""C for 0.5 
h. Then Mel (48 \iL) was added and reaction mixture stinred at rt for 24 h. The 
10 reaction was quenched with MeOH and the mixture evaporated. The crude product 
was purified on a silica gel colunin (5 x 3.5 cm) using hexane/ethyl acetate (9/1, 7/1, 
5/1 and 3/1) as eluent. Fractions containing the product were combined and 
evaporated to give the desired compound (200 mg) as a colorless foam. 

15 StepC: 2-Amino-7-r3.5-bis-0>f2.4- dichlorophenvlmethvn-2>C2-0-dimethv1-> 
6-D-ribofuraftosvlV5-methvl-7H-pvrrolor23-^pvrimidine-4f3HVone 
A mixture of ;the product from Step B (200 mg, 0.3 mmol) in 1,4- 
dioxane (15 mL) and aqueous NaOH (2N, 15 mL) in a pressure bottle was heated 
overnight at 135 **C. The mixture was then cooled to 0 °C, neutralized with 2N 
20 aqueous HCl and evaporated to dryness. The crude product was suspended in MeOH, 
filtered, and the solid thoroughly washed with MeOH. The combined fUtrate was 
concentrated, and the residue purified on a silica gel column (5x5 cm) using 
CHaCh/MeOH (40/1, 30/1 and 20/1) as eluent to give the desired compound (150 mg) 
as a colorless foam. 

25 

StepD: 2-Amino-5-methvl-7-(2~C2-0>dimethvl>B-D-ribofuranosvlV7/f- 
pvn:olor23-^pvrimidin-4f3/yi-one 

A mixture of the product from Step C (64 mg, 0.1 mmol) in MeOH (5 
mL) and EtsN (0.2 mL) and 10% Pd/C (24 mg) was hydrogenated on a Parr 
30 hydrogenator at 50 psi at r.t. for L5 days, then filtered through a Celite pad which was 
thoroughly washed with MeOH. The combined filtrate was evaporated and the 
residue purified on a silica gel column (3x4 cm) with CHzCh/MeOH (30/1, 20/1) as 
eluent to yield 2.amino-5-methyl.7-(5-0-benzyl-2-C,2-0-dimethyl-p.D- 
riboluranosyl)-7i?-pyiTolo[2,3-d]pyrimidin-4(3/0-one. The compound (37 mg) was 
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10 



20 



further hydrogenated in EtOH (2 mL) with 10% Pd/C and under atmospheric pressure 
of hydrogen. After stirring 2 days at r.L, the reaction mixture was filtered through 
Celite, the filtrate evaporated and the crude product purified on a silica gel column (1 
X 7 cm) with CHaCla/MeOH (30/1, 20/1 and 10/1) as eluent to yield the title 
compound (12 mg) after freeze-drying. 

IH NMR (200 MHz, CD3OD): 5 0.81 (s, 3H, 2'C-Me), 2.16 (d, 7H^.C5-Me = 1.3 Hz, 
3H, C5-Me), 3.41 (s, 3H, 2'-0Me), 3.67 (dd, /jm- 3.4 Hz, 75-.5» = 12.6 Hz. IH, H-5'). 
3.81-3.91 (m, 3H, H-5", H-4'. H-3'), 6.10 (s, IH, H-1 '), 6.66 (d, IH, H-6). 
ES MS: 323.3 (M-H)"". 

EXAMPLE 135 

4-Amino-5-methvl-7-f2-C- methvl-B-I>.ribofuranosvlV7g-pyriolor2.3-<flDvrimi 

Me NH2 




•N 



h6 t)H 



15 Step A: 4-Chloro-7-r3.5-bis-0-f2.4-dichloroDhenvhnethvlV2-C-methvl-p-D- 
ribofuranosvn-5-methvl-7//-pvrrolor2.3-^pvrimidine 
To an ice-cold solution of the product from Step C of Example 62 
(1.06 g, 2.1 mmol) in CH2CI2 (30 mOL) was added HBr (5.7 M in acetic acid; 2.2 mL) 
dropwise. The reaction mixture was stirred at 0 "C for 1 h and then at iroom 
temperature for 2 h, concentrated in vacuo and co-evaporated with toluene (2x15 
mL). The resulting oil was dissolved in MeCN (10 mL) and added dropwise into a 
solution of the sodium salt of 4-chloro-5-methyI-l/f-pyrrolo[2,3-d]pyrimidine in 
acetonitiile [generated in situ from 4-chloro-5-methyl-li7-pyrrolo[2,3-</lpyrimidine 
[for preparation, see J. Med. Chem. 33: 1984 (1990)] (0.62 g, 3.7 mmol) in anhydrous 
25 acetonitrile (70 mL), and NaH (60% in mineral oil, 148 mg, 3.7 mmol), after 2 h of 
vigorous stining at rt]. The combined mixture was stirred at rt for 24 h and then 
evaporated to dryness. The residue was suspended in water (100 mL) and extracted 
with EtOAc (250 + 100 mL). The combined extracts were washed with brine (50 
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mL), dried over Na2S04, filteed and evaporated. The crude product was purified on i 
sUica gel column (5x5 cm) using hexane/ethyl acetate (9/1, 5/1, 3/1) gradient as the 
eluent. Fractions containing the product were combined and evaporated in vacuo to 
give the desired product (0.87 g) as a coloriess foam. 

5 

StepB: 4-Chloro-5-methvl-7-r2-r -methvl-B-D-ribofiiraDosvn-7g-pvrrolor2.^- 
^pvrimidine 

To a solution of the compound ftom Step A (0.87 g, 0.9 mmol) in 
dichloromethane (30 mL) at -78°C was added boron trichloride (IM in 

10 dichloromethane, 9.0 mL, 9.0 nunol) dropwise. The mixture was stirred at -78°C for 
2.5 h, then at -30°C to -20°C for 3 h; The reaction was quenched by addition of 
methanol/dicWoromethane (1:1) (9 mL) and the resulting mixture stined at -15°C for 
30 mm., then neutralized with aqueous ammonia at O'C and stined at rt for 15 min. 
The solid was filtered and washed with CHaClT^vleOH (1/1, 50 mL). Hie combined 

15 filtrate was evaporated, and the residue was purified on a silica gel column (5x5 cm) 
using CH2CI2 and CHzClj/MeOH (40/1 and 30/1) gradient as the eluent to furnish the 
desired comptound (0.22 g) as a colorless foam. 

StepC: 4-Amino-5-methvl-7-r2-C-Tn ethvl-B-D-ribofuranosvlV7jy-pviTolor2.3- 
20 </lpvrimidine 

To the compound from Step B (0.2 g, 0.64 mmol) was added 
methanolic ammonia (saturated at O'C; 40 mL). The mixture was heated in a stainless 
steel autoclave at lOO'C for 14 h, then cooled and evaporated in vacuo. The crude 
mixture was purified on a silica gel column (5x5 cm) with CHaCla/MeOH (50/1, 
25 30/1, 20/1) gradient as eluent to give the title compound as a white solid (0.12 g). 
IH NMR (DMSO-rftf): 6 0.60 (s, 3H, 2'C-Me), 2.26 (s, 3H, 5C-Me). 3.52-3.61 (m, 
IH, H-5'), 3.70-3.88 (m, 3H, H-5". H-4'. H-3'), 5.00 (s, IH, 2'-OH), 4.91-4.99 (m. 
3H, 2'-OH, 3'-0H, 5'-OH), 6.04 (s, IH, H-l'), 6.48 (br s, 2H, NH2). 7.12 (s, IH. H- 
6), 7.94 (s, IH, H-2). ES MS: 295.2 (MH*). 

30 

EXAMPLE 136 

4-Amino-7-(2^C-methvl-B-D -ribofTiranosvlV7H-pvrrolor23-^Dvrimidine-5- 
carboxvlic acid 



-161- 



wo 02/057425 



PCT/US02/01531 



HO 




UCH3 



HO 



The compound of Example 123 (0.035 g, OJl mmol) was dissolved in 



a mixtuie of aqueous anunonia (4 mL, 30 wt %) and saturated methanolic ammonia (2 
inL), and a solution of H2O2 in water (2 mL, 35 wt %) was added. The reaction 
5 mixture was stirred at room temperature for 1 8 h. Solvent was removed under 

reduced pressure, and the residue obtained was purified by HPLC on a reverse phase 
column (Altech Altima C-18, lOx 299 mm, A = water, B = acetonitrile, 10 to 60 % B 
in 50 min, flow 2 mL/min) to yield the tide compound (0.015 g, 41 %) as a white 
solid. :i 



10 IH NMR (CD3QD): 5 0.85 (s, 3H, Me), 3.61 (m, IH), 3.82 (m, IH) 3.99-4.86 (m, 
2H), 6.26 (s, IH), 8.10 (s, 2H) 8.22(s, IH); ^^C NMR (CD3OD): 20.13, 61.37, 73.79, 
80.42, 84.01, 93.00, 102.66, 112.07, 130.07, 151.40, 152.74, 159.12, 169,30. 
HRMS (FAB) Calcd for C,3H,7N406"' 325.1148, found 325.1143. 



15 



EXAMPLE 137 



4-Amino-7-(2-C'Vinvl-B-D-ribofuranosvlV7g-pviTolof23-rflpvrimidine 




NH2 



20 



Step A: 



3.5-Bis-0>f2,4-dichlorophenvlmetiivlV2-C-vinvl-l-0-metiivl-a-D- 
ribofiiranose 
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Cerium chloride heptahydrate (50 g, 134.2 mmol) was finely crushed 
in a pre-heated mortar and transferred to a round-bottom flask equipped with a 
mechanical stinCT. The flask was heated under high vacuum overnight at 160°C. The 
vacuum was released under argon and the flask was cooled to room temperature. 
5 Anhydrous THF (300 mL) was cannulated into the flask. The resulting suspension 
. was stirred at room temperature for 4 h and then cooled to -78 "C. Vinybnagnesium 
bromide (IM in THF, 120 mL, 120 mmol) was added and stirring continued at -78 
for 2 h. To this suspension was added a solution of 3,5-bis-0-(2,4- 
dichlorophenyhnethyl>l-0-methyl-a-D-erythiD-pentofuranose-2-ulose (14 g, 30 

10 mriiol) [from Example 2, Step B] in anhydrous THF (100 mL), dropwise with 
constant stiiring. The reaction was stirred at -78 "C for 4 h. The reaction was 
quenched with saturated ammonium chloride solution and allowed to come to room 
temperature. The mixture was filtered through a celite pad and the residue washed 
with Et20 (2 X 500 mL). The or^nic layer was separated and the aqueous layer 

15 extracted with EtjO (2 x 200 mL). The combined organic layers were dried over 
anhydrous Na2S04 and concentrated to a viscous yellow oil. The oil was purified by 
flash chromatography (SiO2,;a0% EtOAc in hexanes). The title compound (6.7 g, 
13.2 mmol) was obtained as a pale yellow oil. 

20 StepB: 4-Chloro-7-f3.5-bjs-Q-r2.4-dichlorQDhenv1methvlV2-C-vinv1-P -n- 
ribofuranosv n-7g-Dvniolor2.3-rflp vrimidinft 
To a solution of the compound from Step A (6.4 g, 12.6 mmol) in 
anhydrous dichloromethane (150 mL) at -20 °C was added HBr (30% solution in 
AcOH, 20 mL, 75.6 mmol) dropwise. The resulting solution was stirred between 

25 -lO^C and 0°C for 4 h, evaporated in vacuo and co-evaporated with anhydrous 

toluene (3 x 40 mL). The oily residue was dissolved in anhydrous acetonitrile (100 
mL) and added to a solution of the sodium salt of 4-chloro-l//-pyrrolo[2,3- 
</lpyrimidine (5.8 g, 37.8 mmol) in acetonitrile (generated in situ as described in 
Example 62) at -20 "C. The resulting mixture was allowed to come to room 

30 temperature and stirred at room tempoature for 24 h. The mixture was tiien 

evaporated to dryness, taken up in water and extracted witii EtOAc (2 x 300 mL). 
The combined extracts were dried over Na2S04, filtered and evaporated. The crude 
mixture was purified by flash chromatogr^hy (SiOa, 10% EtOAc in hexanes) and the 
title compound (1 .75 g) isolated as a white foam. 
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Step C: 4->Amino-7-r3,5-bis-0-f2,4-dichlorophenvlmethvlV2-C-vinvl*B^^ 
ribofuraiiosvlV7g-pvrrolor23-tflpvriinidine 
The compound from Step B (80, mg) was dissolved in the minimum 
amount of 1,4-dioxane and placed in a stainless steel bomb. The bomb was cooled to 
5 -78°C and liquid ammonia was added. The bomb was sealed and heated at 90^C for 
24 h. The ammonia was allowed to evaporate and the residue concentrated to a white 
solid which was used in the next step without further purification. 

StepD: 4-Amino-7>(2>C-vinvl-B-D-ribofuranosvlV7H-pvrrolor2.3- 

10 ^pvrimidihe 

To a solution of the compound from Step C (60 mg) in 
dichloromethane at -78 ''C was added boron trichloride (IM in dichlosrometfaane) 
dropwise. The mixture was stirred at -78 for 2.5 h, then at -30 to -20 **C for 
3h. The reaction was quenched by addition of methanol/dichloromethane (1:1) and 

15 the resulting mixture stirred at -15 °C for 0.5 h, then neutralized with aqueous 

ammonia at 0°C and stirred at room temperature for 15 min. The solid was filtered 
and washed with methanol/dichloromethane (1:1). The combined filtrate was 
evaporated and the residue purified by flash chromatography (SiOa, 10% methanol in 
EtOAc containing 0.1% triethylamine). The fractions containing the product were 

20 evaporated to give the title compound as a white solid (10 mg). 

IH NMR (DMSO-d6): 5 3.6 (m, IH, H-5'), 3.8 (m, IH, H-5"), 3.9 (m d. 1-H, H-4*), 
4.3 (t, IH, H-30, 4.8-5.3(m, 6H, CH=CH2, r-OH, 3'-OH, 5'-0H) 6.12 (s, IH, H-l'), 
6.59 (d, IH, H-5), 7.1 (br s, IH, NH2), 7.43 (d, IH, fr6), 8.01 (s, IH, H-2). 
ES-MS: Found: 291.1 (M-ff); calc. for Cj3H,6N404 - HT: 291.2. 

25 

EXAMPLE 138 

4-Amino-7>(2-C>hvdroxvmethvl'B-D>ribofuranosvIV7J?-pvrrolor23"^pvrimidine 
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Step A: 4-Chloro-7"r3,5-bis-0-f2,4-dichlorophenvlmethvlV2-C- 

hvdroxvmethv]-P-D-ribofiiranosvn-7/^pvrrolor23-^/lpvi^ 
To a solution of the compound from Example 137, Step B (300 mg, 
5 0.48 mmol) in 1,4-dioxane (5 mL) were added iV-methylmorpholine-A^oxide (300 mg, 
2.56 mmol) and osmium tetroxide (4% solution in water, 0.3 mL). The mixture was 
stirred in the dark for 14 h. The precipitate was removed by filtration through a celite 
plug, diluted with water (3 x), and extracted with EtOAc. The EtOAc layer was dried 
over Na2S04 and concentrated in vacuo. The oily residue was taken up in 

10 dichloromethane (5 mL) and stirred over NaI04 on silica gel (3 g, 10% NaI04) for 12 
h. The siUca gel was removed by filtration and the residue was evaporated and taken 
up in absolute ethanol (S mL). The solution was cooled k an ice bath and sodium 
borohydride (300 mg, 8 mmol) was added in small portions. The resulting mixture 
was stirred at room temperature for 4 h and then diluted with EtOAc. The organic 

15 layer was washed with water (2 x 20 mL), brine (20 mL) and dried over Na2S04. The 
solvent was evaporated and the residue purified by flash chromatography (SiOa, 2:1 
hexanes/EtOAc) to give the title compound (160 mg, 0.25 mmol) as white flakes.. 

Step B: 4-Amino-7-r3.5-bis-0-f2.4-dichlorophenvhnethvlV2-C- 
20 hvdroxvmethvl-B-D-ribofuranosvn-7fl-pvrrolor2,3-^pvrimidine 

The compound from Step A (150 mg, 0.23.mmol) was dissolved in the 
minimum amount of 1,4-dioxane (10 mL) and placed in a stainless steel bomb. The 
bomb was cooled to -78 and liquid anmionia was added. The bomb was sealed 
and heated at 90°C for 24 h. The ammonia was allowed to evaporate and the residue 
25 concentrated to a white solid which was used in the next step without further 
purification. 
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Step C: 4~Amino-7-(2-C-hvdrox\TOethvl-B-D"ribofiiranosvlV7g^^ 
^pvrimidine 

The compound from Step B (120 mg, 0.2 mmol) was dissolved in 1:1 
methanol/dichloromethane, 10% Pd-C was added, and the suspension stirred under an 
5 H2 atmosphere for 12 h. The catalyst was removed by filtration through a celite pad 
and washed with copious amounts of methanol. The combined filtrate was 
evaporated in vacuo and the residue was purified by flash chromatography (SiOi, 10% 
methanol in EtOAc containing 0.1% triethylamine) to give the title compound (50 
mg) as a white powder. 
10 IHNMR (CD3OD): 5 3.12 (d, IH, CH2'), 3.33 (d, IH, CH2"), 3.82 (m, IH, 

3.99-4.1(m. 2H, H-4', 4.3 (d, IH, H-3'), 6.2 (s, IH, H-F). 6,58 (d, IH, H-S), 

7.45 (d, IH, H-6), 8.05 (s, IH, H-2). 

LC-MS: Found: 297.2 (M+H^; calc. for C12H16N4O5 + H^: 297.3. 
15 EXAMPLE 139 

4'Amino«7-(2-C-fluoromethyl-P-D-ribofuranosvlV7g"Pvrrolor23--^pvrirm 




Step A: 4-Chloro-7-r3.5-bis-0-(2,4>dichlorophenvlmcthvlV2-C"fluoromethvl- 
20 B'-D''ribofiiraTiosyn-7H'pvrTolof2,3-rf1pvrimidine 

To a solution of the compound from Example 138, Step A (63 mg, 0.1 
mraol) in anhydrous dichloromethane (5 mL) under argon, were added 4- 
dimethylaminopyridine (DMAP) (2 mg, 0.015 mmol) and triethylamine (62 jiL, 0.45 
mmol). The solution was cooled in an ice bath and p-toluenesulfonyl chloride (30 
25 mg, 0.15 mmol) was added. The reaction was stirred at room temperature overnight, 
washed with NaHCOa (2 x 10 mL), water (10 mL), brine (10 mL), dried over Na2S04 
and concentrated to a pink solid in vacuo. The solid was dissolved in anhydrous THF 
(5 mL) and cooled in an icebath. Tetrabutylanunonium fluoride (IM solution in THF, 
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.1 mL, 1 mmol) was added and the mixture stirred at room temperature for 4 h. The 
solvent was removed in vacuo, the residue taken up in dichloromethane, and washed 
with NaHCOs (2 x 10 mL), watei: (10 mL) and brine (10 mL). The dichloromethane 
layer was dried over anhydrous Na2S04, concentrated in vacuo, and purified by flash 
5 chromatography (SiOa, 2:1 hexanes/EtOAc) to afford the title compound (20 mg) as a 
white solid. 

StepB: 4-Amino-7-r3,5>bis->0--(2,4-dichlorop h envlmethvn-2-C-fluoromkhvl^ 
B-D-ribofaranosvll-7g-pvrrolor2.3-^pvrimidine 
10 The compound from Step A (1 8 mg, 0.03 mmol) was dissolved in the 

minimum amount of 1,4-dioxane and placed in a stainless steel bomb. The bomb was 
cooled to -78 °C and liquid ammonia was added. The bomb was sealed and heated at 
' 90 ®C for 24 h. The anmionia was allowed to evaporate and the residue concentrated 
to a white solid which was used in the next step without further purification. 

15 

StepC: 4-Amino-7-(2>C-fluoromethvl-B-D-ribofuranosvlV7g-pvnx)lof23^ 
c/lpvrimidirie s 

The compound from Step B (16 mg) was dissolved in 1:1 
methanol/dichloromethane, 10% Pd-C was added, and the suspension stirred under an 
20 H2 atmosphere for 12 h. The catalyst was removed by filtration through a celite pad 
and washed with copious amounts of methanol. The combined filtrate was 
evaporated in vacuo and the residue was purified by flash chromatography (SiOa, 10% 
methanol in EtOAc containing 0.1% triethylamine) to give the title compound (8 mg) 
as a white powder. 

25 IH NMR (DMSO-dfi): 5 3.6-3.7 (m, IH, H-5'), 3,8 - 4.3 (m, 5H, H-5", H-3', 
CH2) 5.12 (t, IH, 5'-OH), 5.35 (d, IH, 3'-OH), 5.48 (s, IH, 2'.OH), 6.21 (s, IH. H- 
D, 6.52 (d, IH, H-5), 6.98 (br s, 2H, NH2), 7.44 (d, 1 H. H-6), 8.02 (s, IH, H-2). 
19f NMR (DMSO-d6): 5 -230.2 (t). 

ES-MS: Found: 299.1 (M+H^), calc.for C12H15EN4O4 + iT: 299.27. 

30 

EXAMPLES 140 and 141 
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4-Amino-7-n-deoxv-2-C- methvl«B-D>ribofurano^^^ 
aiid4-amino7^3KleQxv>2> C-metbvl-B-D-arabiDofb^ 
pvrimidine 




5 Step A: 742,5-Bis-0-ffm-butvldimethvlsavlVp^I%ribofu 

PViTolor23-JlDvrimidine and 7-r3.5-Bis-0-fterr-butv ldiniethYlgilYlVf^ 
D-ribofiiranosvlU7//'»pvrrolor23-^flpvriniidine 
To a stirred solution of tubercidin (5.0 g, 18.7 mmol) in a mixture of 
pyridine (7.5 mL) and DMI^(18.5 mL) was added silver nitrate (6.36 g, 38.8 mmol). 
10 This mixture was stirred at room temperature for 2 h. It was cooled in an ice bath and 
THF (37.4 mL) and rc/t-butyldimethylsilyl chloride (5.6 g, 37 mmol) was added and 
the mixture was stined at room temperature for 2 h. The mixture was then filtered 
through a pad of celite and washed with THF. The filtrate and washings were diluted 
with ether containing a small amount of chloroform. The organic layer was washed 
15 successively with sodium bicarbonate and water (3 x 50 mL), dried over anhydrous 
sodium sulfate and concentrated. The pyridine was removed by coevaporation with 
toluene and the residue was ptirified by flash chromatography on silica gel using 5-7% 
MeOH in CH2CI2 as the eluent; yield 3.0 g. 

20 StepB: 7-r2.5-Bis>>0 -(/grr-butvIdimethvlsilvlVB.D>ribofuraD05;vni-4>rdi~^^^ 

methoxvphen vl)phcnvhnethvnamino-7g->pvrrolor23-rflpvrimidineand 
7-r3.5-bis-0- ftert-butvldimethvlsilvlVB-D"ribofuranosvn-4-rdi-f4- 
methoxvphenv l)phenvhnethy11 aminn^7 ff-DViiX)lor23-^pY rimiHm 
To a solution of mixture of the compounds from Step A (3.0 g, 6.0 
25 nmiol) in anhydrous pyridine (30 mL) was added 4,4'-dimethoxytrityl chloride (2.8 g, 
8.2 mmol) and the reaction mixture was stirred at room temperature overnight. The 
mixture was then triturated with aqueous pyridine and extracted with ether. The 
organic layer was washed with water, dried over anhydrous sodium sulfate and 
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concentrated to a yellow foam (5.6 g). The residue was purified by flash 
chromatography over silica gel usmg 20-25% EtOAc in hexanes.as the eluent. The 
appropriate fractions were collected and concentrated to fiimish 2'^'-0-bis-0-(/eft- 
butyldimethylsilyl> and 3\5'-bis-0-(rfi;t-butyldimethylsilyl) protected nucleosides 
5 colorless foams (2.2 g and 1 .0 g, respectively). 

Step C: 7-r2,5-Bis-0->(/eyt^butvIdimethvlsilvlV3~r7>tosvl-B-D-ribofurano^^^^ 

4-rdi-(4-methoxvDhenv nphenvlmethvnamino-7H-pvin)lor2 3- 
tflpvrimidine 

^0 To an ice-cooled solution of 2%5'-bis-0-(/erf-butyldimethylsilyl)- 

protected nucleoside from Step B (2.0 g, 2.5 mmol) in pyridine (22 mL) was added p. 
toluenesulfonyl chloride (1.9 g, 9.8 mmol). The reaction mixture was stirred at room 
temperature for four days. It was then triturated with aqueous pyridine (50%, 10 mL) 
and extracted with ether (3 x 50 mL) containing a smaU amount of CH2CI2 (10 mL). 
15 The organic layer was washed with sodium bicarbonate and water (3 x 30 mL). The 
organic layer was dried overtanhydrous Na2S04 and concentrated. Pyridine was 
removed by co-evaporation with toluene (3 x 25 mL). The residual oil was filtered 
through a pad of silica gel using hexaneiethyl acetate (70:30) as eluent; yield 1.4 g. 

20 StepD: 4-rdi-f4-met hoxvphenvnphenvhnethvnamino-7-r3-0-tosvl-P-D> 
ribofuranos vl-7H-pvrrolQf2.3-^p vrimidine 

A solution of the compound from Step C (1.0 g, 1 .1 mmol) and THF 
(10 mL) was stirred with tetrabutylammonium fluoride (IM solution in THF, 2.5 mL) 
for 0.5h. The mixture was cooled and diluted with ether (50 mL). The solution was 
25 washed with water (3 x 50 mL), dried over anhydrous Na2S04. and concentrated to an 
oil. The residue was purified by passing through a pad of siUca gel using hexane: 
ethyl acetate (1:1) as eluent; yield 780 mg. 

StepE: 4-Amino-7-(3-deoxv-2--C>m ethvl-B-D-ribofaranosvlV7//^^^ 
30 dl' pypmid tne and 4-amino-7-f3-deoxv^2-C-meflivl-P-D- 

arabinofura nosvlV7jy-pvrrolo-r2,3-dlDvrimidtne 
A solution of CHaMgl (3.0 M solution in ethef, 3.0 riiL) in anhydrous 
toluene (3.75 mL) was cooled in an ice bath. To this was added a solution of 
thecompound fiiom Step D (500 mg, 0.8 mmol) in anhydrous toluene (3.7 mL). The 
35 resulting mixture was stirred at room temperature for 3.5 h. It was cooled and treated 
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with aqueous NH4CI solution and extracted with ether (SO mL containing 10 mL of 
CH2Cl2)r The OTgamc layer was s^arated and washed with brine (2 X 30 niL) and 
watrar (2 X 25 mL), dried over anhydrous N^04 and concoitrated to an oil which 
was purified by flash chromatography on silicai gel using 4% MeOH in CHzCh to 
5 furnish tbie 2-C-a-methyl compound (1 49 mg) and the 2-C-P-methyl compound (34 
mg). These derivatives were separately treated with 80% acetic acid and the reaction 
naixture stirred at room temperature for 2.5 h. The acetic acid was removed by 
repeated co-evaporation with ethanol and toluene. The residue was partitioned 
between chloroform and water. The aqueous layer was washed with chloroform and 
10 concentrated. Hie evqwrated residue was purified on silica gel using 5-10% MeOH 
in C3I2CI2 as the eluent to furnish the desired coi^pounds as white solids. 
4-Anrino-7-f3-deoxv-2-C- metbvl-B-D-ribofimnosvlV7fl-pvrrolor2.3-rfh>vrimidin^ 
(9.0 mg): 

IH NMR (DMSO-d6): 6 0.74 (s, 3H. CH3), 1.77 (dd, IH, H-3'), 2.08 (t, IH, H-3"), 
15 3.59 (m, IH, H-5'), 3.73 (m-, IH, H-5"), 4.15 (m, IH, H-4'), 5.02 (t, IH, OH^5'). 5.33 
(s, IH, OH-2'), 6.00 (s, IH, k-1 i, 6.54 (d, IH, H-7), 6.95 (br s. 2H. NH2), 7.47 (d, 
IH, H-8), 8.00 (s, IH, H-2); ES-MS: 263.1 [M-H]. 

4-Amino-7-(3-deoXv-2-C-methvl-P-D-arabinofuranosvl)-7H-pvn:olor2.3-</lPvrimidine 
(15 mg): 

20 • IH NMR (DMSO-de): 5 1 .23 (s, 3H. CH3). 2.08 (ddd, 2EI, H-3'and 3"), 3.57 (m, 2H. 
H-5'and 5*0. 4,06 (m, IH, H-4), 5.10 (s, IH. OH-2'), 5.24 (t, IH. OH-5'), 6.01 (s, IH, 
H-r). 6.49 (d, IH, H-7).6.89 (br S, 2H. NH2), 7.35 (d, IH, H-8), 8.01 (s,lH.H-2). 
ES-MS: 265.2[M+HI. 

25 EXAMPLE 142 

4-Amino-7-(2,4- C-dimethvl-B-D-ribofuranosvlV7fl-pvrrolor2.3-rflpvrimidine 
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10 



15 



Ste^A: .5-Deoxv-l,2-0-isopmpvlirfftoe-D-xvlofii^iiftQP 

l,2-0-IsoiTOpyKdene:D-xylofuianose (38.4 g, 0,2 mol), 4- 
dimethylaminopyridine (5 g), triethylamine (55.7 mL. 0.4 mol) were dissQlved in 
dichloromethane (300 mL). p-ToluenesuIfonyl chloride (38.13 g. 0.2 mol) was added 
and the reaction mixture was stirred at room temperatuie for 2 h. The reaction 
mixture was then poured into saturated aqueous sodium bicarbonate (500 mL) and the 
two layers were separated. The organic layer was washed with aqueous citric acid 
solution (20%, 200 mL), dried (Na2S04) and evaporated to give a solid (70.0 g). The 
solid was dissolved in dryTHF (300 mL) andLiAlH* (16.Q g, 0.42 mol) was added in 
portions over 30 min. The mixture was stirred at room temperature for 15 h. Ethyl 
acetate (100 mL) was added dropwise over 30 min and the mixture was filtered 
through a siUca gel bed. The filtrate was concentrated and the resulting oil was 
chromatographed on silica gel (EtOAcAiexane 1/4) to affoni the product a^ a solid 
(32.5 g). 

^^EB^ 3,5-Bis-0-(2.4-dichloronheTivl methvn-l-^..methvl-4-methvl-ft-r>- 
ribofuranose 

Chromium oxide (50 g, 0.5 mol), acetic anhydride (50 mL, 0.53 mol) 
and pyridine (100 mL, 1.24 mol) were added to dichloromethane (1 L) in an ice water 

20 bath and the mixture was stirred for 15 min. 5-Deoxy-1.2-0-isopropylidene-D- 
xylofuranose (32 g, 0.18 mol) in dichloromethane (200 mL) was added, and the 
mixture was stirred at the same temperature for 30 min. The reaction solution was 
diluted with ethyl acetate (1 L) and filtered through a silica gel bed. The filtrate was 
concentrated to give a yellow oil. The oil was dissolved in 1,4-dioxane (1 L) and 

25 formaldehyde (37%, 200 mL). The solution was cooled to O'C and soUd KOH (50 g) 
was added. The mixture was stured at room temperature overnight and was then 
extracted with ethyl acetate (6 x 200 mL). After concentration, die residue was 
chromatographed on silica gel (EtOAc) to afford the product as an oil (1.5 g). The oil 
was dissolved in l-methyl-2-pynoIidinone (20 mL) and 2.4-dichlorophenyhnethyl 

30 chloride (4 g, 20.5 mmol) and NaH (60%, 0.8 g) were kdded. The mixture was stirred 
overnight and diluted with toluene (100 mL). The mixture was then washed with 
saturated aqueous sodium bicarbonate (3 x 50 mL). dried (Na2S04) and evaporated, 
the residue was dissolved in methanol (50 mL) and HCl in dioxane (4 M, 2 mL) was 
added. The solution was stirred overnight and evaporated. The residue was 
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ehromatographed on silica gel (EtOAcAipxane:l/4) to afford the desired product as an 
oil (2.01 g). 

^*^P ^- 3,5-Bis-0-(2.4-dichloroDh envlmethvn-2.4-di-C-iiiethvl-1-n-methY l-n- 
5 D-ribofuranose 

The product (2.0 g, 4.0 mmol) from Step B and Dess-Martin 
periodinane (2.0 g) in dichloromethane (30 mL) were stirred overnight atrbom 
temperature and was then concentrated under reduced pressure. The residue was 
triturated with ether edier (50 mL) and filtered. The filtrate was washed with a 

10 solution of NaaSaOa-SHaO (2.5 g) in saturated aqueous sodium bicarbonate solution 
(50 mL), dried (MgS04), filtered and evaporated. The residue was dissolved in 
anhydrous Et20 (20 mL) and was added dropwise to a solution of MeM^r in EtaO (3 
M, 10 mL) at -78 °C. The reaction mixture was allowed to warm to -30°C and stined 
at -30°C to -15°C for 5 h, then poured into saturated aqueous ammonium chloride (50 

15 mL). The two layers were separated and the organic layer was dried (MgS04), filtered 
and concentrated. The residue was ehromatographed on silica gel (EtOAc/hexane: 
1/9) to afford the tide compound as a syrup (1 .40 g). 

SteP^- 4-Chloro-7-r3.5-bis-0-(2.4-di chlorQDhenvlmethvIV2.4-di-C-tnethyl.p. 

20 D-ribofurano svn-7g-Dvrrolor2.3-^p YriniiHinP. 

To the compound fiom Step C (0.70 g, 1.3 mmol) was added HBr (5.7 
M in acetic acid, 2 mL). The resulting solution was stirred at room temperature for 1 
h, evaporated in vacuo and co-evaporated with anhydrous toluene (3 x 10 mL). 
4-ChIoro-i/^-pyrrolo[2,3-4]pyrimidine (0.5 g, 3.3 mmol) and powdered KOH (85%, 

25 150 mg, 2.3 mmol) were stirred in l-methyl-2-pyTrolidinone (5 mL) for 30 min and 
the mixture was co-evaporated with toluene (10 mL). The resulting solution was 
poured into the above bromo sugar residue and die mixture was stirred overnight. 
The mixture was diluted with toluene (50 mL), washed widi water (3 x 50 mL) and 
concentrated under reduced pressure. The residue was ehromatographed on silica gel 

30 eluting with (EtOAc/ Ifexane 15/85) to afford a solid (270 mg). 

StepE: 4-Amino-7-f2.4-di-C-methv l-B-D-ribofufanosvlV7g-pvrmlnf2, ^- 
fflpyrimidine 
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The compound from Step D (270 mg) was dissolved in dioxane (2 mL) 
and liquid ammonia (20 g) was added in a stainless steel autoclave. The mixture was 
heated at lOO'C for 15 h, then cooled and evaporated. The residue was 
chromatographed on silica gel (BtOAc) to afford a solid (200 mg). The soKd (150 
5 mg) and Pd/C (10% 150 mg) in medianol (20 mL) were sh^en under Ha (30 psi) for 
3 h, filtered and evaporated. TTie residue was chromatogn^hed on silica gel 
(MeOH/CHaCh: 1/9) to afford the desired product as a solid (35 mg). 
IHNMR (DMSO-dg): 5 0.65 (s, 3H). 1.18 (s, 3H), 3.43 (m, 2H), 4.06 (d. IH, 76.3 
Hz). 4.87 (s, IH), 5.26 (br, IH), 5.08 (d, IH, / 6.3 Hz), 5.25 (t, IH, / 3.0 Hz), 6. 17 (s, 
10 IH), 6.54 (d, IH, J 3.5 Hz), 6.97 (s, br, 2H), 7.54 (d, IH, / 3.4 Hz), 8.02 (s, IH). 
13c NMR (DMSO-45): 5 18.19, 21.32, 65.38, 73.00, 79.33, 84.80, 90.66, 99.09, 
102.41,121.90.149.58,151.48,157.38. 

IX:-MS: Found: 295.1 (M+H*); calculated for C13H18N4O4+H*: 295.1 

15 , EXAMPLE 143 

4-Amino-7-f3-deoxv-3-fluoro-2- C-methvl-B-D-Tibofuianosvn-7g-Dvrrolor2.3- 
rflpvrimidine 




\ Lm 

F \)H 

20 Step A: 3-Deoxv>3-fluoro-l-0--inethvl-5-0-toluovl-a-D-ribofiiranose 

1,2-0-Isopropylidene-D-xyIofuranose (9.0 g, 50 mmol) and p-toluoyl 
chloride (7.0 tnL, 50 mmol) in pyridine (50 mL) were stirred for 30 min. Water (10 
mL) was added and the mixture was concentrated under reduced pressure. The 
tesidue was dissolved in toluene (500 mL) and the solution was washed with water 

25 (200 mL) and saturated aqueous sodium bicarbonate (200 mL). The two layers were 
separated and the organic layer was evaporated. The residue was dissolved in 
methanol (100 mL) and HCl in dioxane (4 M, 10 mL) was added. The mixture was 
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stirred at room temperature ovemi^t arid was then evaporated under.reduced 
pressure. The resulting oil was chromatographed on siUca gel (EtOAc/hexane: 1/1) to 
afford an oil (10.1 g). The oil was dissolved in dichloromethane (100 mL) and 
diethylaminosuKur tiifluoiide (DAST) (5.7 mL) was added. Hie mixture was stirred 
5 overnight and was then poured into saturated aqueous sodium bicarbonate solution 
(100 mL). The mixture was extracted with toluene (2 x 50 mL) and the combined 
organic layers were concentrated The residue was chromatographed on siHca gel 
(EtOAc/hexane: 15/85) to afford the title compound as an oil (1.50 g). 

10 StepB: 3-Deoxv-3-flu orD-2-C-methvl-l-Q-methv1-5-0-toluDvl-a-D- 
ribofiiranose ' ' 

The product from Step A (1 ,0 g, 3.5 mmol) and Dess-Martin 
periodinane (2.5 g) in dichloromethane (20 mL) were stirred overnight at room 
tempMature and was then conccatrated undw reduced pressure. The residue was 

15 triturated with diethyl ethca- (50 mL) and fUtered. Ihe filtrate was washed with a 
solution of Na2S2Q3JH20 (f2.5 g) in saturated aqueous sodium bicarbonate (100 
mL), dried (MgS04), filtered and evaporated. The residue was dissolved in anhydrous 
THF (50 mL). Tia4 (3 mL) and methyl magnesium bromide in ethyl ether (3 M, 10 ' 
mL) were added at -78°C and the mixture was stirred at -50 to -30°C for 2 h. The 

20 mixture was poured into saturated aqueous sodium bicarbonate solution (100 mL) and 
filtered through CeUte. The filtrate was extracted with toluene (100 mL) and 
evaporated. The residue was chromatographed on silica gel (EtOAc/hexane: 15/85) to 
afford the titie compound as an oil (150 m^. 



25 Step C: 4-Ammr^7^<t^xv-3-flun TO-2-C-metlwl-B-D-ribofiiranosvlV7g- 
PVrrolor2.3-</lpvrimidine 

The product from Step B (150 mg, 0.5 mmol) was dissolved in HBr 
(30%) in acetic acid (2 mL). After one hour, the mixture was evaporated under 
reduced pressure and co-evaporated with toluene (10 mL). 4-Chloro-7ff-pyrrolo[2.3- 
30 </]pyrimidine (0.5 g, 3.3 mmol) and powdered KOH (85%, 150 mg, 2.3 mmol) were 
stirred in DMF (3 mL) for 30 min and the mixture was co-evaporated with toluene (2 
mL). The resulting solution was poured into tiie above bromo sugar and tfie mixture 
was stirred overnight. The mixture was diluted with toluene (50 mL), washed wiUi 
water (3 x 50 mL) and concenti-ated under reduced pressure. The residue was 
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chromatographed on silica gel (EtOAc/hcxane 15/85) to affoid an oU (60 mg). The 
oil was dissolved in dioxane (2 mL) and liquid ammonia (20 g) was added in a 
stainless steel autoclave. The mixture was heated at 85''C for 18 h, then cooled and 
evaporated. The leaidne was chromatogrs^hed on silica gel 
5 (methanol/dichloromethane: 1/9) to afford the title compound as a solid (29 mg). 
IH NMR (DMSO-4j): 8 0.81 (s, 3H), 3.75 (m, 2H). 4.16 (m. IH), 5.09 (dd, IH, / 
53.2, 7.8 Hz), 5.26 (br, IH), 5.77 (s, IH), 6.15 (d, IH, 72.9 Hz). 6.59 (d, IH. 73.4 
Hz), 7.02 (s br, 2H). 7.39 (d, IH, 7 3.4 Hz), 8.06 (s, IH). 
13CNMR (DMSO-rf^: 19.40, 59.56, 77.24, 79.29. 90.15, 91.92, 99.88, 10239. 
10 121.17.149.80,151.77,157.47. 

1?F NMR (DMSO-4s): 5 14.66 (m). 

ES-MS: Found: 283.1 QA+It); calculated for Ci2Hi5FN403+H*: 283.1. 

EXAMPLE 144 

15 

R-AmiTin-?. '-C-methvladenQsine 




CH3 

Step A: 8-Bromo-2'-C-methvladftnn.Qinft 

To a solution of 2'-C-methyladenosine [for preparation, see J. Med. ■ 

20 Qieffl.41:1708(1998)](138mg,0.5mmol)inDMF(4mL)wasaddediV- 

bromosuccinimide (231 mg. 1.35 inmol). The solution was stirred jaotected from 
light at rt for 2 d and then evaporated in vacuo. The crude product was purified on a 
silica gel colunm (3 x 9 cm) using dichloromethane/methanol (25/1. 20/1 and 15/1) as 
eluenL Fractions containing the product were pooled and evaporated in vacuo to give 

25 the desired product (38 m|^ as a white solid. 

StepB: R-Aminn-7'- C-methvladennainft 
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A solution of the compound from Step A (38 mg, 0.11 mmol) in liquid 
ammonia (10 mL) was heated in a stainless steel autoclave at 105 for 1 d, then 
cooled and evaporated. The residue was purified by HPLC [C-18 Phenomenex Luna 
(1 0 fi; 250 X 21 .2 mm) RP-column; solvents: (A) water, (B) acetonitrile; Linear 
5 gradient: 2-35% B in 76 min.] to yield the title compound (12 mg) as a white fluffy 
. material after freeze-drying. 

NMR (DMSO-rftf): 8 0.70 (s, 3H, Me), 3.55-3.75 (m, 3H, H-5', H.5", H-40. 4.03 
(m, IH. H.3'), 4.81 (s, IH, rOH), 5.10 (d, IH, 3'>OH), 5.45 (t, IH, 5^0H), 5.86 (s, 
IH, H-r), 6.30, 6.39 (2s, 6H, 2 NH2), 7.78 (s, IH, H-2). 
10 ES-MS: Found: 295.0 (M-H*). 

EXAMPLE 145 

4-AminOiH2i£220^ 




Step A: 4-cMoro-7--r3.5>bis-0>f2.4-dichlorophenvhnethvlV2-C2.0-diTnefhYl- 
B-D-ribofuranosvn-7g-pvrrolor2.3-</lpvrimidine 
To a pre-cooled (0°C) solution of the compound from Examiple 62, 
Step D (618 mg, 1.0 mmol) in THDP (8 mL) was added methyl iodide (709 mg, 5.0 

20 mmol) and NaH (60% in mineral oil) (44 mg, 1. 1 mmol). The resulting mixture was 
stirred overnight at rt and then poured into a stirred mixture of saturated aqueous 
ammonium chloride (50 mL) and dichloromethane (50 mL). The organic layer was 
washed with water (50 mL), dried (MgS04) and evaporated in vacuo . The resulting 
crude product was purified on silica gel using ethyl acetate/hexane as the eluent. 

25 Fractions containing the product were pooled and evaporated in vacuo to give the 
desired product (735 mg) as a colorless foam. 
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SteoB: 4-amino-7-r3,5-bisHO-f2,4-dicMoropherivlmetfa^^^^ 
B>D-ribofuranosvn-7/f-pvrrolor23-^PY riTni^ 
To the compound from Step A (735 mg, 1.16 mmpl) was added 
methanolic ammonia (saturated at O^C) (20 mL). The mixture wias heated in a 
5 stainless steel autoclave at 80°C overnight, then cooled and the content evaporated in. 
vacuo . The crude mixture was purified on silica gel using ethyl acetate/hexane as the 
eluent. Fractions containing the product were pooled and evaporated in vacuo to give 
the desired product (504 mg) as colorless foam. 

10 Step C: 4>amino>7-f2-C2-Q-dimethvl.-B-I>-ribofuranosvlV7g-p^ 
dlpvrimidine 

A mixture of the irodtict from Step C (64 mg, 0.1 mmol), MeOH (5 
mL). EtsN (0.2 mL) and 10% Pd/C (61 mg) was hydrogenated on a Parr hydrogpnator 
at 50 psi at room temperature overnight The mixture was filtered throught celite, 

15 evaporated in vacuo and filtered through a pad of silica gel using 2% methanol in 
dichloromethane as eluent. The desired product was collected and evaporated in 
vacuo . The compound was redissolved'in methanol (10 mL) and 10% Pd/C (61 mg) 
was added. The mixture was hydrogenated on a Parr hydrogenator at 55 psi at room 
temperature for two weeks. The mixture was filtered through celite, evaporated in 

20 vacuo and purified on silica gel using 10% methanol in dichloromethane as eluent. 
Fractions containing the product were pooled and evaporated in vacuo to give the 
desired product (110 mg) as a colorless foam. 

iH NMR (DMSO^y 5 0.68 (s. 3H,), 3.40 (s, 3H), 3.52-3.9$ (overlapping m, 4H), 
4.92 (d, IH). 5.07 (t. IH), 6.26 (s, IH), 6.55 (d. IH), 7.00s br, 2H), 7.46 (d, IH), 8.05 
25 (s, IH). 

LC-MS: Found: 293.1 (M-H+); calc. for C12H16N4O4-H+: 293.12. 

EXAMPLE 146 

30 4-Methvlamino-7-(2-C-methvl-B-D-riboftuMiosvlV7H-pvnD 
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NHMe 



10 



15 



\__>CH3, 



HO t)H 

The compound from Step E of Example 62 (200 mg, 0.67 imnol) was 
added to mediylamine (5 mL condensed in a small stainless steel autoclave) and 

waimed at 85°C for 48 h, then cooled and evaporated invacuo. The crude mixture 
was purified on a siUca gel with ethanol as the eluent to give the tifle compound 
which separated as an amoiphous solid after treatment with MeCN. The amorphous 
soKd was dissolved in water and lyophilized to give a coloriess powder (144 mg). 
IH NMR (pmo-dg): 6 0.63 (s, 3H. CH3), 3.32 (s. 3H, N CH3). 3 J8-3.67 (m, IH, H- 
5'), 3.79-3.39 (m, 3H. H-5",H-4', H-3'). 5.03 (s. IH, 2'-OH), 5.04-5.11. (IH^'^H, 
IH, 5'-0H), 6.14 (s, IH, H-l '). 6.58 (d, IH, Jsjs = 3.6 Hz, H-5), 7.46 (d, IH, H-6). 
7.70 (br s, IH, NH), 8.14 (s, IH, H-2). 

LC-MS: Found: 295.1 (M-H+); calc. for C13H18N4O4+H+: 294.3. 

EXAMPLE 147 

4-Dimethvlamino-7-(2-C-methvl-6-D-rihofiira n osvlV7g-pvm^lo 




The compound ftom Step E of Example 62 (200 mg, 0.67 mmol) was 
added to dimethylamine (5 mL condensed in a small stainless steel autoclave) and 
20 wanned at 85°C for 48 h, then cooled and evaporated in vacuo . The crude mixture 
was purified on a silica gel with ethanol as the eluent to give the title compound 
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which separated as an amorphous soM after treatment with MeCN. The amorphous 
solid was dissolved in water and lyophilized to give a colorless powder (164 mg). 
IH NMR (DMS0-4j): 6 0.64 (s. 3H, CH3), 3.29 (s, 3H, N CH3). 3.32 (s. 3H. N CH3). 
3.60-3.66 (m, IH, H-5'), 3.77-3.97 (m, 3H, H-5". H-4', H-3'). 5.04 (s, IH, 2'-OH), 
5 5.06-5.11 (IH, 3'-0H, IH, 5'-0H), 6.21 (s, 1H,H-1'), 6.69 (d, IH. 75.6 = 3.6 Hz. H- 
5), 7.55 (d, IH, H-6), 8.13 (s. IH, H-2). 

LC-MS: Found: 309.3 (M-H+); calc. for C14H20N4O4+H+: 308.33/ 

EXAMPLE 148 

10 

4-C^«loD^ODvlalTMno-7-f2-C.meth v^B.I>■rilx^fillianosvl^ 




The compound from Step E of Example 62 (200 mg, 0.67 mmol) was 
added to cyclopropylamine (5 mL condensed in a small stainless steel autoclave) and 

15 wanned at 85°C for 48 h, then cooled and evaporated in vacuo . The erode mixture 
was purified on a silica gel with ethanol as the eluent to give the title compound 
which separated as an amorphous solid after treatment with MeCN. The amorphous 
solid was dissolved in water and lyophilized to give a colorless powder (148 mg). 
IH NMR (DMSO-d^f): 6 0.51- 0.58 (m, 2H), 0.64 (s, 3H. CH3), 0.74- 0.076 (m, 2H), 

20 3.62-3.67 (m. IH, H-5'). 3.79-3.82 (m, 3H, H-5^. 3.92-3.96 (m, H-4', H-3*). 5.03 (s. 
IH, 2'-OH). 5.05-5.10 (IH, 3'-OH. IH. 5'-OH), 6.15 (s. IH. H-l'). 7.48 (d, IH, Js^ = 
3.6 Hz, H-5). 7.59 (d, IH, H-6), 8.13 (s. IH, H-2). 
LC-MS: Found: 321.1 (M-H+); calc. for C15H20N4O4+H+: 320.3. 

25 EXAMPLE 149 

4-Amino-7-('3-C-methvl- p-D-xvlofiiranosvlV7g-pvrrolof23-rf1pvrimidine 
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Step A: 742.S-Bis>0-(/err-butvldimethvlsilvlVB-D-ribofin^ 

methoxvphenvl)diphenvlmethvnainino->7j^pmolor23-<flPvr^ 
and 743J-bis-0-^frgrf-butvldimethvlsilvlVB-D-ribofi^ 
5 methoxvphe nvndiphenvlmethvl1aimno-7g-pviroIor23^ 

To a solution of ihixture of the compounds ftom Step A of Examples 
140 and 141 (0.32 g, 0.65 mmol) in anhydrous pyridine (6 mL) was added 
monomethoxytrityl chloride (0.30 g, 0.98 namol) and the reaction mixtuie was stiixed 
at room temperature overnight. The mixtuie was then concentrated and the residue 
0 was partitioned betwerai CHia2 (70 mL) and water (20 mL). Hie organic layer was 
washed with water and brine, dried (Na2S04) and concentrated. The residue was 
purified on silica gel column using 5-13% EtOAc in hexanes as the eluent The 
appropriate fractions were collected and concentrated to furnish 2%5*-bis-0-(fejt- 
butyldimethylsilyl)- and 3',5'-bis-0-(rerr-butyldimethylsilyl) protected nucleosides as 
5 colorless foams (343 mg and 84 mg, respectively). 

Step B: 7-r2.5-Bis-0-frgyt-butvldimethvlsilvl)-B*D-grv//irc>-pentofuranos-3- 
ulosvn-4-ff 4-methoxvphenvndiphenvhnethvllamino-7jy-pvnolor23- 
rflpvrimidine 

0 To a well-stirred suspension of chromium faioxide (91 mg, 0.91 nmiol) 

in CH2CI2 (4 mL) at O'^C were added pyridine (147 jjL, L82 mmol) and then acetic 
anhydride (86 fiL, 0.91 namol). The mixture was stirred at room temperature for 0.5 
h. Then the 2\5'-bis-0-(rerr-butyldimethylsilyl) protected nucleoside from step A 
(343 mg 0.45 nmiol) in CH2CI2 (2.5 mL) was added and the mixture stirred at room 

5 temperature 2 h. The mixture was then poured into ice-<:old EtOAc (10 mL) and 
filtered through a short silica gel column using EtOAc as the eluent The filtrate was 
evaporated and the residue purified on a silica gel column with hexanes and 
hexanesflEtOAc (7/1) as the eluent to give the title compound (180 mg). 
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StepC: 7--r2^--Bis-Q--fterf>butvldimethvlsilvlV3-C-methv^^ 

4-r(4-metfaoxvDhenvlMphenvlmettivl1aminO"7H-pYrrolor23> 
/flDyrimidine and 7>r2 J-Bis-^-frgrf>butvldimethvlsavlV3-C>methvl^ 
I>-xvlofui^osvlM-rf4-methoxvphenvl)diphenvlmethvl]aiTi 
5. T)vrrolor2,3-^pvriinidine 

To a mixtuie of MeMgBr (3.0 M solution in ether, 0.17 mL, 0.5 mmol) 
in anhydrous hexanes (1.5 mL) at room temperature was added dropwise a solution of 
the compound from Step B (78 mg, 0.1 mmol) in anhydrous hexanes (0.5 mL), After 
2 h stirring at room temperature, the reaction mixture was poured into ice-cold water 
10 (10 mL) and diluted with EtOAc (20 mL), then filtered through Celite which was then 
thoroughly washed with EtOAc. The layers were separated and the organic layer was 
washed with brine, dried Qia^SO^) and concentrated. The residue was purified on a 
silica gel column using 8 to 25% EtOAc in hexanes as eluent to give the 3-C-methyI 
xylo- (60 mg) and the 3-C-methyl ribo-isomer (20 mg). 

15 

StepD: 4-Amino-7-f3-C-metfavl-p-D-xvlQfuranosvlV7g-pvirolor^ 
rflpvrimidine 

To an ice-cold solution of 3-C-methyl-xylo isomer from Step C (60 
mg, 0.08 mmol) in THF (2 mL) was added TBAF (1 M in THF; 0.32 mL, 0.32 mmol). 

20 The reaction mixtuie was stirred at room temperature for 5 h, then diluted with 

CH2CI2 (50 mL), washed with water (3 x 15 mL), dried,and evaporated. The residue 
was dissolved in dioxane (0.3 mL) and 80% acetic acid (3 mL) was added. The 
reaction mixture was stined at room temperature for 1 d and then evaporated. The 
residue was co-evaporated with dioxane, taken up in water (50 mL) and washed with 

25 CH2CI2 (2 X 10 mL). The aqueous layer was concentrated and then freeze-dried. The 
residue was purified on silica gel column witii CH2Cl2/MeOH (20/1 and 10/1) as the 
eluent to give the tide compound as a white fluffy compound after fieeze drying (10 
mg). 

IH NMR (CD3CN): 5 1.28 (s, 3H, CH3), 3.56 (br s, IH, OH), 3.78 (m, 3H, H-4\ H- 
30 5\ Ht5"), 4.10 (br s, IH, OH), 4.44 (d, IH, Jrv = 3.9 Hz, H-2'), 5.58 (d, IH, H-l' ), 
5.85 (br s, 2H, NH2), 6.15 (br s, IH, OH), 6.48 (d, IH, J5.6 = 3.7 Hz, H.5), 7.23 (d, 
IH, H-6), 8.11 (s, IH, H-2). ES-MS: 281 [MH]* 



35 
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15 



EXAMPLE 150 
4-Aniin6-7-^3-C-methvl-B-I>-ribofiiraaosvlV7g-pvirolor23-^ 



HO 
Me 




h6 t>H 

The ribo-isomer (20 mg) from Step C of Example 149 was deprotected 
using the proceduie described in Step D of Example 32 to yield the title compound (4 
mg). 

IHNMR (CD3CN): 5 1.43 (s, 3H, CH3), 3.28 (br s, IH, OH), 3.58 (m, 2H, H-5', H- 
5"), 3.99 ( m, IH, H-4'), 4.10 (br s, IH, OH), 4.62 (d, IH, Jw = 8.1 Hz, H-2'), 5.69 
(d, IH, H-1'), 5.88 (br s, 3H- OH, NHj). 6.45 (br s. IH, OH), 6.51 (d. IH, Jsjs = 3.7 
Hz, H-5), 7.19 (d, IH, H-6), 8.12 (s, IH, H-2). ES-MS: 281 [MH]*. 

EXAMPLE 151 

2.4-Diamino-7-(2-C-methvl-B-D-ribofuranosvlV7H-pvnolof23-tflpvrimidine 



HO-A/O^ N"^NH2 
HCJ t)H 

A mixture of the product from Stqp B of Exan^le 118 (24 mg) in 
aqueous ammonia (30%, 10 mL) was heated in a stainless steel autoclave at 100 *'C 
20 ovemight, then cooled and evaporated. The residue was- purified on a silica gel 

column with CHaCli/MeOH (10/1 and 5/1) as the eluent to afford the title compound 
(15mg). - 
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iHNMR (pmO-d6): 5 0.68 (s, 3H, CH3), 3.48-3.58 (m IH, H-5'), 3.68:3.73 (m, 2H, 
H-5", H-4'). 3.84 (m, IH, H-3'). 4.72 (s, IH, 2*-0H), 4.97-5.03 (m, 2H, 3'-OH, 5'- 
OH), 5.45 (br s. 2H, NH2), 6.00 (s, IH, H-1'), 6.28 (d, IH, 7= 3.7 Hz, H-5), 6.44 (hr 
s, 2H, NH2) 6.92 (d, lH/= 3.7 Hz, H-6). 
5 ES MS: 294.1 (M-H*). 

EXAMPLE 152 

4-Aiiiino-2-fluoro-7-(2-C-metbvl-B-D-ribofiiranosvlWg-pviToIor2.3-rflpvrimid^^ 




To a solution of HF/pyridine (70%, 2 mL) diluted with pyridine (1 mL) 
at -30 °C is added die compound of Example 151 (60 mg, 0.2 mmol) in 0 J mL 
pyridine followed by /ert-butyl nitrite (36 pL, 0.3 mmol). Stirring is continued for 5 
min -25 °C. Then the solution is poured into ice-water (5 mL), neutralized with 2 N 
15 aqueous NaOH, and evaporated to dryness, ITie residue is purified on a silica gel 
column widi CH2Cl2/MeOH (20/1 and 10/1) as the eluent to afford die title 
compound. 

EXAMPLE 153 

20 

4-Aniino-S-fluoro-7- f2-C-methvl-B^D-ribofuranosvlV7Jy-pvrrolor23-rflPTO 




H(5 bH 
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Step A: 4-AcetYlaTn mo-7-(23>5>tri-Q-aceWl-2-C-methvl-B-D-ribofu^ 
7H-pyrrDlor2.3»/flpY rimidine 

To a solution of the compound fix>m step F of Example 62 (280 mg, 
1.00 mmol) in pyridine is.added acetic anhydride (613 mg, 6.0 mmol). Hie resulting 
5 solution is stirred overnight at ambient temperature evaporated in vacuo and the 
resulting crude mixture is purified on silica gel using ethyl acetate/hexane as the 
eluent. Fractions containing tiie desired product are pooled and evaporated in vacuo 
to give the desired product. 

10 StepB: 4~Acetv1aTni no~5~bromo-7~f2,3,5-tri-0-acetvl-2-C-methvl-B-D- 
ribofuranosvl)-7^-pvrroIor23-Jlpvrimidine . 
To a pre-cooled (0**C) solution of the compound from Step A (460 mg, 
1.00 namol) in DMF is added iV-bromosucdnimide (178 mg, 1.0 mmol) in DMF. The 
resulting solution is stirred at 0°C for 30 min then at room temperature for another 30 
15 min. The reaction is quenched by addition of methanol and evaporated in vacuo . The 
resulting crude mixture is purified on silica gel using ethyl acetate/hexane as the 
eluent. Fractions containing the desired product are pooled and evaporated in vacuo 
to give the desired product. 

20 Step C: 4-AnMno-5>fluoro-7>a>>C-meflivl^B-D>-ribofuraDosvlV7g--pvirolor2.3.> 
/flpyrimidinft 

To a pre-cooled (-78X) solution of the compound from Step B (529 
mg, LOO mmol) in THF is added butyl lithium (2M in hexanes) (0.5 mL, 1.00 mmol). 
The resulting solution is stined at -78''C for 30 mdn and tiieh quenched with N- 

25 fluorobenzensulfonimide (315 mg, 1.00 mmol) in THF. The resulting solution is very 
slowly allowed to come to ambient temperature and then poured into a stirred mixtuie 
of saturated aqueous ammonium chloride and dichloromeUiane. The organic phase is 
evaporated in vacuo and treated witii ammonium hydroxide at 55°C in a closed 
container overnight. The resulting crude mixture is purified on silica gel using 

30 dichloromethane/methanol as the eluent. Fractions containing the desired product arc 
pooled and evaporated in vacuo to give the desired product. 
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EXAMPLE 154 
4^ATninQ^l> f2-C«me1hvl>B-D-ribofbranosvlVlg-p 




Me 

5 Step A: 4~Aimno-l-r3,5-bis-0-(2,4-dichlorophenvlmethvlV2-C-me^^ 
ribofuranosvlVii7-pvrazolor3>4-tflpvriinidin^ 
To the compound from Step C of Example 62 (1 .00 g, 2.02 mmol) in 
dichloromethane (20 mL) was bubbled HBr gas for 5 min until it was saturated. The 
. resulting solution was stirred at roomi temperature for 10 min, evaporated in vacuo 
10 and coevaporated with anhydrous toluene (10 mL). 4-Amino-lJ]r-pyra2olo[3,4- 

d]pyriinidine (Aldrich, 0.43 g, 3.18 mmol) and NaH (60%. 150 mg, 3.8 mmol) were 
stirred in l-methyl-2-pyrrolidin6ne (10 mL) for 30 min. The resulting solution was 
poured into the above bromo sugar residue and the mixture was stirred overnight 
The mixture was diluted with toluene (50 mL), washed with brine (10%. 3x50 mL) 
15 and concentrated under reduced pressure. The residue was chromatographed on silica 
gel (EtOAc as eluent) to afford a solid (400 mg). 

StepB: 4~Amino-l-(2>C~methvl-B--D-ribofuranosvlVlH-pvrazolor3,4- 
rflpvrimidine 

20 To a solution of the compound from Step A (0.20 g, 0.33 mmol) in 

dichloromethane (10 mL) at -78*'C was added boron trichloride (IM in 
dichloromethane) (3 mL, 3 mmol) dropwise. The mixture wais stirred at -78°C for 0.5 
h, then at -45°C to -30°C for 2 h. The reaction was quenched by addition of sodium 
acetate (1.0 g) and methanol (10 mL). The solution was evaporated and the residue 

25 was purified by flash chromatography over silica gel using CH2CI2 and 

CHaCla/MeOH (95:5-90: 10) gradient as the eluent to furnish the desired compound 
(60 mg) as a solid, which was recrystallized from methanol and acetonitrile to give the 
title compound as an off-white solid (40 mg). 
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'H NMR (DMSO-<y: 5 0.75 (s, 3H), 3.59 (m, IH), 3.69 (m, IH), 3.91 (m, IH), 4.12 
(m. IH), 4.69 (t, 1H,7 5.1 Hz), 5.15 (m, 2H). 6.13 (s. IH), 7.68 (s, br. IH), 7.96 (s, hr, 
IH). 8.18 (s. IH). 8.21 (s, IH). 

''C NMR (pMSO-d^: 19.32, 62.78, 74.11, 78.60, 83.65, 90.72, 99.79, 133.50, 
5 153.89, 156.21, 158.05. 

LC-MS: Found: 282.1 (M+H^; calculated for CuHi5N504+H*': 282.1. 

BIOLOGICAL ASSAYS 

10 The assays employed to measure the inhibition of HeVNS5B 

polymerase and HCV replication are described below. 

The effectiveness of the compounds of the present invaiti(Hi as 
inhibitors of HCV NS5B RNA-dependent RNA polymraase (RdRp) was measured m 
the following assay. 

A. Assay for Inhibition of BfcV NS5B Polymerase: 

This assay was used to measure the ability of the nucleoside 
deriyatiyes of the present inyention to inhibit the enzymatic actiyity of the RNA- 
dependent RNA polymerase (NS5B) of the hepatitis C yinis (HCV) on a heteiomeric 
20 RNA template. 

Procedure: 

Assay Buffer Conditions: (50 jiL -total/reaction) 
20mMTris,pH7.5 
25 50pMEDTA • 
SmMDTT 
2mMMgCl2 
80niMKCl 

0.4 U/jiL RNAsin (Promega, stock is 40 units/}iL) 
30 0.75 Jig t500 (a 500-nt RNA made using T7 runofPtianscription with a sequence 
fipom the NS2/3 region of the hepatitis C genome) 
1 .6 ng purified hepatitis C NS5B (form with 21 amino acids C-tenninally 
tmncated) 

1 nM A,C,U,GTP (Nucleoside triphosphate mix) 
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10 



[aIpha-^^P]-GTP or [alpha-^^]-GTP 

The compounds were tested at various concentrations up to 100 pM 
final concentration. 

An appropriate volume of reaction buffer was made including enzyme 
and template t500. Nucleoside derivatives of the present invention were pipetted into 
the wells of a 96-well plate. A mixture of nucleoside triphosphates (NTP*s), 
including the radiolabeled GTP, was made and pipetted into the wells of a 96«well 
plate. The reaction was initiated by addition of the enzyme-template reaction solution 
and allowed to proceed at room temperature for 1-2 h. 

The reaction was quenched by addition of 20 nL 0.5M EDTA, pH 8.0. 
Blank reactions in which the quench solution was added to the NTPs prior to the 
addition of the reaction buffer were included. 

50 nL of Ae quenched reaction were spotted onto DE81 ffltCT disks 
(Whatman) and allowed to dry for 30 min. The filters were washed with 0.3 M 
15 ammonium formate, pH 8 (150 mL/wash until the cpm in 1 mL wash is less than 100, 
usually 6 washes). The filters werb counted in 5-mL scintillation fluid m a 
scintillation counter. 

The percentage of inhibition was calculated according to the following 
equation: % iihibition = [l-(cpm in test reaction - cpm in blank) / (cpm in control 
20 reaction - cpm in blank)] X 100. 

Rq)resentative compounds tested in the HCV NS5B polymerase assay 
exhibited ICso's less than 100 micromolar. 

B. Assay for Inhibition of HCV RNA Replication: 

25 The compounds of the present invention were also evaluated for their 

ability to affect die replication of Hepatitis C Virus RNA in cultured hepatoma (HuH- 
7) cells containing a subgenomic HCV Replicon. The details of the assay are 
described below. This Replicon assay is a modification of that described in V. 
Lohmann, F. Komer, J-O. Koch, U. Herian, L. Theilmann, and R. Bartenschlager, 

30 "Replication of a Sub-genomic Hepatitis C Virus RNAs in a Hepatoma Cell Line," 
Scipce 285: 110 (1999). 

Protocol: 

The assay was an in situ Ribonuclease protection. Scintillation 
35 Proximity based-plate assay (SPA). 10,000 - 40,000 cells were plated m 100-200 fiL 
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of media containing 0.8mg/mL G418 in 96-\vell cytostar plates (Amersham). 
Compounds were added to cells at various concentrations up to 100 jiM in 1% DMSO 
at time 0 to 18 h and then cultured for 24-96 h. Cells were fixed (20 min, 10% 
formalin), permeabilized (20 min, 0.25% Triton X-IOO/PBS) and hybridized 
5 (overnight, SO^'C) with a single-stranded RNA probe complementary to the (+) 
strand NS5B (or other genes) contained in the RNA viral genome. Cells were 
washed, treated with RNAse, washed, heated to 65*^C and counted in a Top-Count 
Inhibition of replication was read as a decrease in counts p^ minute (cpm). 

Human HuH-7 hepatoma ceUs, which were selected to contain a 
10 subgenomic replicon, carry a cytoplasmic RNA consisting of an HCV 5' non- 
translated region (NTR), a neomycin selectable marker, an EMCV IRES (internal 
ribosome entry site), and HCV non-structural proteins NS3 through NS5B, followed 
by the 3' NTR. 

Representative compounds tested in the replication assay exhibited 
15 ECso's less than 100 micromolar. 

The nucleoside derivatives of the present invention were also evaluated 
for cellular toxicity and anti-viral specificity in the counterscreens described below. 

20 C. C0UNTER SrRKF.NF5;> 

The ability of the nucleoside derivatives of the present invention to 
inhibit human DNA polymerases was measured in the following assays. 

a. Inhibition of Human DNA Polymerases alpha and beta: 

25 

Reaction Conditions: 
50 liL reaction volume 

Reaction buffer components: 
30 20mMTris-HCl,pH7.5 

200 /ig/mL bovine serum albumin 

lOOmMKCl 

2 mM P-mercaptoethanol 

lOmMMgCh 
35 1.6/iMdA,dG,dC,dTTP 
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a-^¥-dATP 
Enzyme and template: 

0.05 rag/mL gapped fish spenn DNA template 
5 0.01 U//iL DNA polymerase a or P 

Preparation of gapped fish sperm DNA temp late: 
Add 5 ^ IM MgCb to 500 fiL activated fish sperm DNA (USB 70076); 
Warm to 3TC and add 30 fiL of 65 WfiL of exonuclease ffl (GibcoBRL 18013-011);' 
10 ificubate 5 min at 37**C; 

Tenninate reaction by heating to 65 ''C for 10 min; 

Load 50-100 [iL aliquots onto Bio-spin 6 chromatography columns (Bio-Rad 732- 
6002) equilibrated with 20 mM Tris-HCl, pH 7.5; 
Elute by centrifiigation at 1 ,000Xg for 4 min; 
15 Pool eluate and measure absprbance at 260 nm to determine concentration. 

The DNA teniplate was diluted into an appropriate volume of 20 mM 
Tris-HCl, pH 7.5 and flie enzyme was diluted into an appropriate volume of 20 mM 
Tris-HCl, containing 2 mM p-mero^toethanol, and 100 mM KCl. Template and 

20 enzyme were pipetted into microcentrifuge tubes or a 96 well plate. Blank reactions 
excluding enzyme and control reactions excluding test compound were also prepaied 
using enzyme dilution buffer and test compound solvent, respectively. The reaction 
was initiated with reaction buffer with components as listed above. The reaction was 
incubated for 1 hour at 37°C. The reaction was queaiched by the addition of 20 ^ 

25 0.5M EDTA. 50 fiL of the quenched reaction was spotted onto Whatman DE81 filter 
disks and air dried. The filter disks were repeatedly washed with 150 mL 0.3M 
ammonium formate. pH 8 until 1 mL of wash is < 100 cpm. The disks were washed 
twice with 150 mL absolute ethanol and once with 150 mL anhydrous ether, dried and 
counted in 5 mL scintillation fluid. 

The percentage of inhibition was calculated according to the following 
equation: % inhibition = [l-(cpm in test reaction - cpm in blank)/(cpm in control 
reaction - cpm in blank)] X 100. 

b. Inhibition of Human DNA Polymerase p amma • 
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The potential for inhibition of human DNA polymerase gamma was 
measured in reactions that included 0.5 ng/ pL enzyme; 10 pM dATP, dGTP, dCTP, 
and TTP; 2 ^Ci/reaction [a-^^PjKlATP, and 0.4 fig/j^ 

(purchased from US Biochemical) in a buffer containing 20 mM Tris pH8, 2 mM 
5 mercaptoethanol, 50 mM KCI, 10 mM MgCl2, and 0.1 jig/pL BSA. Reactions were 
allowed to proceed for 1 h at 37°C and were quenched by addition of 0.5 M EDTA to 
a final concentration of 142 mM. Product formation was quantified by anion 
exchange filter hmding and scintillation counting. Compounds were tested at up to 50 
MM. 

10 percentage of inhibition was calculated according to flie following 

equation: % inhibition = [l-(cpim in test reaction - cpm in blank)/(cpm in control 
reaction - cpm in blank)] X 100. 

The ability of the nucleoside derivatives of the present invention to 
15 inhibit HIV infectivity and HIV spread was measured in the following assays. 

c^ HTV Mectivitv Assay 

Assays were performed with a variant of HeLa Magi cells expressing 
both CXCR4 and GCR5 selected for low background p-galactosidase (P-gal) 
20 expression. Cells were infected for 48 h, and p-gal production from the integrated 
HTV-l LTR promoter was quantified with a chemiluminescent substrate (Galactolight 
Plus, Tropix, Bedford, MA). Inhibitors were titrated (in duplicate) m twofold serial 
dilutions starting at 100 ^iM; percent mhibition at each concentration was calculated 
in relation to the control infection. 

25 

d. Inhibition of HIV Spread 

The ability of the compounds of the present invention to inhibit the 
spread of the human immunedeficiency virus (HTV) was measured by the method 
described in U.S. Patent No. 5.413,999 (May 9, 1995). and LP.Vacca, et al.. Prgc, 
30 Natl. Acad. Sd.. 91: 4096-4100 (1994). which are incorporated by reference herein in 
their entirety. 

The nucleoside derivatives of the present invention were also screened 
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for cytotoxicity against cultuied hepatoma (HuH-7) cells containing a subgenomic 
HCV Replicon in an MTS ceD-based assay as described in the assay below. The 
HuH^7 cell line is described in H. Nakabayashi, et al., C^cerRes .. 42: 3858 (1982). 

5 e. Cytotoxicity assay: 

Cell cultures were prepared in appropriate media at concentrations of 
approximately 1.5 x 10^ cells/mL for suspension cultures in 3 day incubations and 5.0 
X 10"^ cells/mL for adherent cultures in 3 day incubations. 99 of cell culture was 
transferred to wells of a 96-welI tissue culture treated plate, and 1 pL of 100-times 

10 final concentration of the test compound in DMSO was added. The plates were 
incubated at 3TC and 5% CO2 for a specified period of time. After the incubation 
period, 20 of CellTiter 96 Aqueous One Solution Cell Proliferation Assay reagent 
(MTS) (Promega) was added to each weD and the plates were incubated at 37^C and 
5% CO2 for an additional period of time up to 3 h. The plates were agitated to mix 

15 well and absorbance at 490 jan was read using a plate reader. A standard curve of 
suspension culture ceDs wa^prepared with known cell numbers just prior to the 
addition of MTS reagent Metabolically active cells reduce MTS to formazan. 
Formazan absorbs at 490 nm. The absoifoance at 490 nm in the presence of 
compound was compared to absorbance in cells witliout any compoimd added, 

20 Reference : Cory, A. H. a/., 'Use of an aqueous soluble tetrazolimn/formazan assay 
for cell growth assays in culture." Cancer Cnnimun ^! 207 (1 QQ1 ) 

The following assays were employed to measure the activity of the 
compounds of the present invention against other RNA-dependeht RNA viruses: 

25 

a. Determination of In Vitro Antiviral Activity of Compounds Against Rhinovirus 
(Cvtopathic Effect Inhibition Assay): 

Assay conditions are described in the article by Sidwell and Huf&nan, 
"Use of disposable microtissue culture plates for antiviral and interferon induction 
30 studies " Appl. Microbiol . 22: 797-801 (1971). 

Viruses: 

Rhinovirus type 2 (RV-2), strain HOP, was used witii KB cells and media (0.1% 
NaHCOs, no antibiotics) as stated in the Sidwell and Huffinan reference. The virus, 
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obtained ftom the ATCC, was from a throat swab of an adult male with a mild acute 
febrile upper respiratory illness. 

Rhinpvirus type 9 (RV-9), strain 211, andihinovirus type 14 (RV-14), strain Tow, 
were also obtained from the American Type Culture CoUection (ATCQ in Rockville, 
5 MD. RV-9 was ftom human throat washings and RV-14 was from a tiiroat swab of a 
young adult with upper respiratory illness. Both of these wuses ware used with HeLa 
Ohio-1 ceUs (Dr. Fred Hayden, Univ. of VA) which were human cervical epitheloid 
carcinoma cells. MEM (Eagle's minimum essential medium) with 5% Fetal Bovine 
serum (FBS) and 0.1% NaHCOa was used as the growth medium. 

10 Antiviral test medium for all three virus types was MEM with 5% FBS, 0.1% 
NaHCOs, 50 fig gentamidn/mL, and 10 mM MgCl2. 

2000 ng/mL was the highest concaitration used to assay the compounds of the present 
invention. Virus was added to the assay plate ^proximately 5 min after the test 
compound. Proper controls were also run. Assay plates were incubated with 
15 humidified air and 5% CO2 ^t 3TC. Cytotoxicity was monitored in the control cells 
microscopically for morpholjogic changes. Regression analysis of the virus CPE data 
and the toxicity control data gave the ED50 (50% effective dose) and CC50 (50% 
cytotoxic concentration). The selectivity index (SI) was calculated by the formula: SI 
= CC50^ED50. 

20 

b. Determination of In Vitro An tiviral Activity of Cmnpoun ds Apaiiigt n>»nfni>., 
Banzi. and Yellow Fever (CPE Inhibition Assay) 

Assay details are provided in the Sidwell and Huffinan reference above. 

Viruses: 

25 Dengue virus type 2, New Guinea strain, was obtained from the Center for Disease 
Control. Two Imes of African green monkey kidney cells were used to culture the 
virus (Veio) and to perform antiviral testing (MA-104). Both Yellow fever virus, 17D 
strain, prepared from infected mouse brain, and Banzi virus, H 336 strain, isolated 
from the serum of a febrile boy in Soudi Africa, were obtamed from ATCC. Vero 

30 cells were used with both of these viruses and for assay. 

Cells and Media: 

MA-104 cells (BioWhittaker, Inc., Walkersville, MD) and Vero ceUs (ATCC) were 
used in Medium 199 with 5% FBS and 0.1% NaHCOs and without antibiotics. 
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Assay medium for dengue, yellow fever, and Banzi viruses was MEM, 2% FBS, 
p.18% NaHC03 and 50 p.g gentamicin/mL. 

Antiviral testing of the compounds of the present invention was performed according 
5 to the Sidwell and HufBnan reference and similar to the above rhinovirus antiviral 
testing. Adequate cytopathic effect (CPE) readings were achieved after 5-6 days for 
each of these viruses. 

c, Detennination of In Vitro Antiviral Activity of Compounds Against West Nile 
10 Virus fCPE Inhibition Assav> 

Assay details are provided in the Sidwell and Hufiman reference cited above. West 
Nile virus. New York isolate derived finom crow bram, was obtained fiom the Center 
for Disease Control. Vero cells were grown and used as described above. Test . 
medium was MEM, 1% FBS, 0.1% NaHCOs and 50 jig gentamicin/mL. 

Antiviral testing of the compounds of the present invention was performed following 
the methods of Sidwell and Hulfman which are similar to those used to assay for 
rhinovirus activity. Adequate cytopathic effect (CPE) readings were achieved after 
5-6 days. 

20 

d. Determination of In Vitro Antiviral Activitv of Compounds Against rhino, vellow 
fever, dengue. Banzi. and West Nile Viruses (Neutral Red Uptake Assay) 

After performing the CPE inhibition assays above, an additional 
cytopathic detection method was used which is described in "Microliter Assay for 
25 Interferon: NEcrospectrophotometric Quantitation of Cytopathic Effect," Appl. 

Environ. Microbiol . 31: 35-38 (1976). A Model EL309 microplate reader (Bio-Tek 
Instruments Inc.) was used to read the assay plate. EDSO's and CD50's were 
calculated as above. 

30 EXAMPLE OF A PHARMACEimCAL FORMULATION 

As a specific embodiment of an oral composition of a compoimd of the 
present invention, 50 mg of Example 61 or Example 62 is fpnnulated with sufficient 
finely divided lactose to provide a total amount of 580 to 590 mg to fill a size O hard 
gelatin capsule. 

35 
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While the in vention has been described and illustrated in leference to 
specific embodiments thereof, those skilled in the art will appreciate that various 
changes, modifications, and substitutions can be made therein without departing from 
the spirit and scope of the invention. For example, effective dosages other than the 
5 preferred doses as set forth heeinabove may be applicable as a consequence of 

variations in the responsiveness of the human being treated for severity of the HCV 
infection. likewise, the pharmacologic response observed may vary according to and 
depending upon the particular active compound selected or whether there are present 
pharmaceutical carriers, as well as the type of formulation and mode of administration 
10 employed, and such expected variations or differences in the results are contemplated 
in accordance with the objects and practices of the present invention. It is intended 
therefore that the invention be limited only by the scope of the claims which follow 
and that such claims be interpreted as broadly as is reasonable. 

\ . . 
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WHAT IS CIAIMED IS: 

1. A method of inhibiting RNA-dependent RNA v^ 
or mhibiting RNA-dependent RNA viral replication comprising administering to a 
5 mammal in need of such treatment a therapeutically effective amount of a compound 
of structural formula I which is of the stereochemical configuration: 




or a pharmaceutically acceptable salt theieof; 
10 wherein B is selected from the group consisting of 





H 















5l4 






and 




W . 



A, G, and L are each independently CH or N; 

D is N, CH, C-CN, C-N02, C-C1.3 alkyl, C-NHCONH2, C-CONRHrH, 
C-CSNRllRll, C-COORll. C-C(=NH)NH2, C-hydroxy, C-C1.3 alkoxy.'c-amino. 
15 C-Ci-4 alkylamino, C-di(CM alkyl)amino, C-halogen, C-(13-oxazol-2-yl), C-(13- 
thiazol-2-y]), or C-(iniida2ol-2-yI); wherein alkyl is unsubstituted or substituted with 
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^ one to three groups independently selected from halogen, amino, hydroxy, carboxy, 
and Ci-3 alkoxy; 

EisNorCR5; , 

WisOorS; 

5 Y is H, Ci-io alkylcarbonyl, P3O9H4, P2O6H3, or P(O)R9r10; 
. Rl is hydrogen, C2-4 alkenyl, CzA alkynyl, or Ci^ alkyl optionally substituted with 
amino, hydroxy, or 1 to 3 fluorine atoms and one of R2 and R3 is hydroxy or Ci^ 
alkoxy and the other of R2 and R3 is selected from the group consisting of 
hydrogen, 
10 hydroxy, 
halogen, 

Ci-4 allq^l, optionally substituted with 1 to 3 fluorine atoms, 

Ci_io alkoxy, optionally substituted with C1-3 alkoxy or 1 to 3 fluorine 

atoms, 

15 C2-6 all^nyloxy, 

Ci^ alkylthio, ^ • 
Ci-8 alkylcarbonylpXy, 
aryloxycarbonyl, 
azido, 

20 amino, 

C 1 _4 alkylamino, and 
di(Ci-4 alkyl)amino; or 
R2 is hydrogen, C2-4 alkenyl, C2A alkynyl, or Ci^ alkyl optionally substituted with 
amino, hydroxy, or 1 to 3 fluorine atoms and one of Rl and R3 is hydroxy or C1-4 
25 alkoxy and the other of Rl and R3 is selected from the group consisting of 
hydrogen, 
hydroxy, 
halogen, 

Ci^ alkyl, optionally substituted with 1 to 3 fluorine atoms, 
30 . Ci^io alkoxy, optionally substituted with hydroxy, C1.3 alkoxy, carboxy, or 1 

to 3 fluorine atoms, 

C2-6 alkenyloxy, 

ClA alkylthio, 

Ci-8 alkylcarbonyloxy, 
35 aryloxycarbonyl, . 
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azido, 
amino, 

Ci^ alkylamino, and 

di(Ci^ alkyI)amino; or 
5 Rl and R2 together with the carbon atom to which they are attached form a 3- to 6- 
membered saturated monocyclic ring system optionally containing a heteroatom 
selected from O, S, and NCo-4 alkyl; 

R4 and r6 aie each independenfly H, OH, SH, 1SIH2, Ci-4 alkylam 
alkyl)amino, C3-6 cycloalkylamino, halogen, Ci^ alkyl, Ci^ alkoxy, or CF3; 
10. r5 is H, Ci^ alkyl, €2-6 alkenyl, G2-6 alkynyl. Cm alkylamino, CF3, or halogen; 
Rl4 is H, CF3, Ci^ alkyl, amino, Ci^ alkylamino, Cs^ cycloalkylamino, or 
di(Ci-4 alkyl)amino; 

R7 is hydrogen, amino, C1-4 alkylamino, C3-6 cycloalkylamino, or 
di(Ci-4 alkyl)amino; 
15 each Rl 1 is independently H or Ci-^ alkyl; 

R8 is H, halogen, CN, caiboxy, C1-4 alkyloxycarbonyl, N3, amino, C1-4 alkylamino, 
di(Ci^ alkyl)amino, hydroxy, Gi-6 alkoxy, Ci^ alkylthio, Ci-6 alkylsulfonyl, or 
(Ci-4 alkyl)o.2 aminomethyl; 

Rl2 and Rl3 are each independently hydrogen, methyl, hydroxymeth)d, or 
20 fluoromethy]; and 

R9 and RlO are each independently hydroxy, OCH2CH2SC(=0)Ci-4 alkyl, 
OCH20(C=0)0Ci^ alkyl, NHCHMeC02Me, OCH(Cm alkyl)0((>=0>:i-4 alkyl, 

/^0^^''Y^^(^^2)i 1CH3 •^0^"^j"^S(CH2)i7CH3 
0(CH2)9CH3 OCO(CH2)i4CH3 . 

with the provisos that (a) when Rl is hydrogen, one of R3 and R4 is hydrogen, and R2 
25 is fluoro, then the other of R3 and R4 is not hydrogen, halogen, azido, trifluoromethyl, 
Ci-4 alkyl, amino, Ci-4 alkylamino, di(Ci-4 alkyl)amino, or Ci-io alkoxy, (b) when 
Rl is hydrogen, one of R3 and R4 is hydrogen, and R2,is halogen, hydroxy, Ci^6 
alkoxy, or C2-6 alkenyloxy, then the other of R3 and R4 is not hydrogen, fluoro, or 
azido; and (c) when Rl and R3 are hydrogen and R2 is hydroxy, then R4 is not 
30 hydroxy. 
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2. A method of treating RNA-dq)endentRNA viral M 
mainmal in need thereof comprising administering a therapeutically effective amount 
of a compound of Claim 1 . 

5 3. TTie method of Claim 1 wherein the compound is of 

structural formula n of the indicated stereochemical configuration: 



10 




(II) 



wheiein B is 



i6 



or 




D is N, CH, C-CN, C-N02, C.C1.3 alkyl, C-NHCONH2, C^CONRHrH, 
C-CSNRllRll, C~COORll, C-hydroxy, C-C1.3 alkoxy! C-amino, C-C1-4 
alkylamino, C-di(Ci^ alkyl)amino, C-halogen, C-(U-oxazol-2-yl), C-(13-tiiiazol-2- 
yl), or C-(imida2ol-2.yl); wherein alkyl is unsubstituted or substituted with one to 
15 three groups independently selected from halogen, amino, hydroxy, caiboxy. and 
Ci-3 alkoxy; 

EisNorC-R5; 
WisOorS; 

Y is H, Cuo alkylcarbonyl, P3O9H4, or P(O)R9r10;- 
20 Rl is hydrogen. CF3, or Cm alkyl and one of R2 and R3 is OH or Cm alkoxy and 
the other of R2 and R3 is selected from the group consisting of 
hydrogen, 
hydroxy. 
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halogen, 
Ci-3alkyl, 

trifluoromethyl, 
Ci-4 alkoxy, 
5 Ci-4 alkylthio, 

Ci-8 alkylcarbonyloxy, 

aryloxycarbonyl, 

azido, 

amino, 

10 Ci-4 alkylamino, and 

di(Ci^ alkyl)amin6; or 
R2 is hydrogen, CF3, or Ci-4 alkyl and one of Rl and R3 is OH or C1-4 allcoxy and 
the other of Rl and r3 is selected ficom the group consisting of 
hydrogen, 
15 hydroxy, 

fluoro, * ^ ^ 

Ci^ alkyl, 

trifluoromethyl, 
Ci^ alkoxy, 
20 Ci^alkylthio, 

Ci-8 alkylcarbonyloxy, 

azido, 

amino, 

Ci-4 alkylamino, and 
25 di(Ci-4 alkyl)amino; or 

Rl and R2 together with the carbon atom to which they are attached form a 3- to 6- 
membered saturated monocyclic ring system optionally containing a heteroatom 
selected from O, S, and NC0-4 alkyl; 

R4 and R6 are each independently H, OH, SH, NH2, Ci^ alkylamino, di(Ci^ 
30 alkyl)amino, C3-6 cycloalkylamino, halogen, Ci-4 alkyl, C1-4 alkoxy, or CF3; 

R5 is H, Ci^ alkyl, C2-6 alkenyl, C2-6 alkynyl, Ci^ alkylamino, OE^, or halogen; 
R7 is hydrogen, amino, Ci-4 alkylamino, C3-6 cycloalkylamino, of 
di(Ci-4 alkyl)amino; 

each Rl 1 is independently H or C I-6 alkyl; 
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is H. Mogen CN. caAoxy. alkylox^artcy,. N3, a^.„. Cm alk,to„i„„ 
(Ci^ aJkyI)o-2 aimnomethyl; 
^ "^t independently hydrogen or methy]; and 

oiM • ^ °* hydrogen, halogen, trifluoromethvl Ci ^ 

alkyl. amino. Ci^ alkyla^ino. di(CM aIkyI)anuno, or alkoxy (b) whi R^^ 
10 hydrogen, one of R3 and R4 is hvdroo«i p2 • u . . 

, , '*^y**^«''^'JR2,shaIogen.hydroxy.orCi^aIkoxy. 

then the other ofR3andR4is not hydrogen, fluoro, or azido;.nd(c)whenRlandR3 
aiehydrogenandR2ishydroxy.thenR4isnothydroxy. 

IS «t . ,^ ^^^"''*°^°^^'^"'2whereinthecon,poundisofthe 
15 ^tnacturalfonnulanoftheindicatedsteieochenucalconfi^^^^ 




(") 



wherein Bis 



or 




20 Di=N.CH.C-CN,C-N02,C-C,.3.Bcl.C-NHCONH2 CWNRHrH 

alkylao„»o.C-4(Ci^aIM)an.„„.C.tal„ge„.C-(.,3^.,^,.2.,,,C-(J^^^ 
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yl), or C-(imida2oI-2-yl); wherein alkyl is unsubstituted or substituted with one to 
three groups independently selected from halogen, amino, hydroxy, caAoxy, and 
Ci-3 alkoxy; 

EisNorC-R5; 
5 W is O or S; 

Y is H, Ci-io alkylcarbonyl, P3O9H4, or P(O)R9r10; 

Rl is hydrogen, CP3. or Cia alkyl and one of R2 and R3 is OH or Cm alkoxy and 
the other of R2 and R3 is selected from the group consisting of 
hydrogen, 
10 hydroxy, 
halogen, 
alkyl, 

trifluoromethyl. 
Cm alkoxy, 
15 Cm allqrlthio, 

Ci-g alkylcart)onyloxy, 

aryloxycarbonyl, 

azido, 

amino, 

20 Cm alkylamino, and 

di(Ci-4 alkyl)amino; or 
R2 is hydrogen, CF3, or Cm alkyl and one of Rl and r3 is OH or Cm alkoxy and 
the other of Rl and R3 is selected from the group consisting of 
hydrogen, 
25 hydroxy, 
flupro. 
Cm alkyl, 

trifluoromethyl, 
Cm alkoxy, 
30 CMalkylthio, 

Ci-g alkylcarbonyloxy, 

azido, 

amino, 

Cm alkylamino, and 
35 cIi(CM alkyl)amino; or 
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Rl and R2 together with the carbon atom to which they are attached foim a 3- to 6- 
membered saturated monocydic ring system optionally containing a heteroatom 
selected from O. S, and NCo-4 alkyj; 

R4 and R6 are each independently H. OH, SH. NH2. Ci^ alkylamino, di(CM 
alkyDamino, C3-6 cycloalkylamino, halogen, Ci4 alkyl, Ci^ alkoxy. or CF3; 
R5 is H, Ci^ alkyl, C2-6 alkenyl, C2.6 alkynyl. alkylamino, CF3. or halogen- 
R7 IS hydrogen, amino. Ci^ alkylamino. C3.6 cycloalkylamino, or 
di(Ci-4 allqfl)amino; 

each Rll is independently H or C 1.5 alkyl; 

R8 is H. halogen, CN, carboxy. Ci^ alkyloxycarbonyl. N3. amino, alkylamino 
di(CM alkyDamino. hydroxy. Ci^ alkoxy, C1.6 alkylthio. Ci^ alkylsulfonyl. or ' 

(Ci^ alkyl)o.2 aminomethyl; 

Rl2 and Rl3 are each independently hydrogen or methyl; and 
R9 and RlO are each independently hydroxy. OCH2CH2SC(=OX:i-4 alkvl or 
15 CX:H20(C=OX:i.4 alkyl; ^ ^ 1-^ 

vdth the provisos that (a) when Rl is hydrogen, one of R3 and R4 is hydrogen, and R2 
IS fluoro. then the other of R3 and R4 is not hydn>gen. halogen, trifluommethyi. Cj^ 
alkyl. ammo. Cm alkylamino. di(Ci^ alkyDamino, or alkoxy; (b) when Rl is 
hydrogen, one of r3 and r4 is hydrogen, and R2 is halogen, hydroxy, or alkoxy 
then the other of R3 and R4 is not hydrogen, fluoro. or azido; and (c) when Rl and R3 
are hydrogen and R2 is hydroxy, then R4 is not hydroxy. 



10 



20 



25 



5. The method of Claim 3 wherein the compound is of the 
structural formula m of the indicated stereochemical configuration: 




(HI) 



wherein B is 
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20 




or 




D is N, CH, C-CN, C-NO2, C-Ci-3 alkyl, C-NHCONH2, C-CONRHrH, 
CCSNRllRll, C-COORll, C-hydroxy, C-C1.3 alkoxy! C-amino, C-Cm 
alkylamino, C-di(Ci-4 alkyl)amino, C-halogen, CKl,3-oxazol.2-yl), C-(l,3.thia2o]-2- 
5 yl), or C«(iinidazol-2-yl); wherein alkyl is unsubstituted or substituted with one to 
three groups independenfly selected from halogen, amino, hydroxy, carboxy, and 
Ci-3 alkoxy; 

WisOorS; 

Y is H, Ci^io alkylcarbonyl, P3O9H4, P2O6H3. or P(O)R9r10; 
10 Rl is hydrogen, CF3, or Ci^ alkyl and one of R2 and R3 is OH or C1-4 alkoxy and 
the other of R2 and R3 is selected from the group consisting of 

hydrogen, * • 

hydroxy, 

fluoro, 
15 C1.3 alkyl, 

trifluoromethyl, 

Ci-8 alkylcarbonyloxy, 

C1I3 alkoxy, and 

amino; or 

R2 is hydrogen, CF3, or Ci^ alkyl and one of Rl and R3 is OH or Cm alkoxy and 
the other of Rl and R3 is selected from the group consisting of 
hydrogen, 
hydroxy, 
fluoro, 
25 Ci,3 alkyl, 

trifluoromethyl, 

Ci-g alkylcarbonyloxy, 

Ci-3 alkoxy. and 

amino; or 
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Rl and R2 together with the carbon atom to which they are attached fonn a 3- to 6- 
membered saturated monocyclic ring system optionally containing a heteroaton, 
selected from O, S, and NCo-4 alkyl; 

R6 is H. OH, SH. NH2. Cm alkylamino. di(CM alkyDamino, 
C3-6 cycloalkylamino, halogen, alky]. Cm alkoxy, or CF3; 
R5 is H, C1.6 alkyl. €3^ alkenyl, C2-6 alkynyl. Cm alkylamino. CF3. or halogen- 
R/ IS hydrogen, amino. Cm alkylamino. Cs^ cycloalkylamino. or 
di(CM alkyl)amino; 

each Rll is independenUy H or C 1-6 alkyl; 

R8 is H, halogen. CN. carboxy. Cm alkyloxycarbonyl. N3. amino. Cm alkylamino 
di(CM alkyDamino, hydroxy, Cj^ alkoxy. Cj^ alkyltMo. C1.6 alkylsulfonyl. or ' 
(Cm alkyI)o.2 aminomethyl; and. 

R9 and RlO are each independenUy hydroxy. OCH2CH2SC(=0)t-butyl or 
0CH20(C=0)iPr; 

wift the promos that (a) when Rl is hydrogen and R2 is fluoro, then R3 is not 
hydrogen, tnfluoromethyl. ftuoro. C1.3 alkyl, amino, or C1.3 alkoxy; (b) when Rl is 
hydrogen and R2 is fluoro. hydroxy, or C1.3 alkoxy. then R3 is not hydrogen or 
fluoro; and (c) when Rl is hydrogen and R2 is hydroxy, then R3 is not P-hydroxy. 

^ method of Claim 4 wherein the compound is of the 

structural formula m of the indicated staeochemical configuration: 



15 




(HI) 



25 wherein B is 
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10 




or R«-// ^ ^ 



D is N, CH, C-CN, C-NO2, C-C1.3 alkyl. C-NHCONH2 C-CONRHrII, 
C-CSNRllRll, C-COORll. C-hydroxy, C-C1.3 alkoxy.' C-amino. C-Cm 
alkylamino, C-di(CM alky])amino, C-halogen, C-(1.3-oxa2ol-2-yl), C-(1.3-thiazol.2- 
yl), or C-(imidazol-2-yl); wherein alkyl is unsubstituted or substituted with one to 
three groups independently selected from halogen, amino, hydroxy, carboxy, and 
Ci-s alkoxy; 

WisOorS; 

Y is H, Ci-io alkylcatbonyl, P3O9H4, P2O6H3, orP(0)R?RlO; 
Rl is hydrogen. CF3. or alkyl and one of R2 and R3 is OH or Ci^ alkoxy and 
the other of R2 and R3 is seiected ftom the group consisting of 
hydrogen, 
hydroxy, 
fluoro, 
15 Ci-3 alkyl, 

trifluoromethy], 
Ci-g alkylcarbonyloxy, 
Ci-3 alkoxy, and 
amino; or 

20 R2 is hydrogen, CF3, or Ci^ alkyl and one of Rl and R3 is OH or C1-4 alkoxy and 
the other of Rl and R3 is selected from the group consisting of 

hydrogen, 

hydroxy, 

fluoro, 
25 Ci-3 alkyl, 

trifluoromethyl, 

Ci-g alkylcarbonyloxy, 

Ci-3 alkoxy, and 

amino; or 
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10 



15 



20 



Rl and R2 together with the carbon atom to which they are attached form a 3- to 6- 
mexnber^ saturated monocyclic ring system optionally containing a heteK,alom 
selected from O. S, and NCo-4 alkyl; 

R6 is H. OH. SH. NH2. allcylamino, di(CM alkyl)ainino, 

C3.6 cycloalkylamino. halogen. C1.4 alkyl. Ci^ alkoxy. or CPs- 

R5 is H. Ci^ alkyl, C2.6 alkenyl. C2-6 alkynyl. Cm alkylamino. CF3, or halogen- 

R is hydrogen, amino, alkylamino. C3-6 cycloalkylamino. or 

di(Ci_4 alkyl)amino; 

each Rl 1 is independently H or C 1-6 alkjd; 

R8 is H. halogen. CN. carboxy. alkyloxycarbonyl. N3. amino. Cj^ alkylamino. 
dKCM a^Damino. hydroxy. C,.6 alkoxy. Ci^ alkylthio. Cj^ alkylsulfonyl. or 
(Ci^ alkyl)0-2 aminomethyl; and 

R9 and RlO are each independenUy hydroxy, OCH2CH2SC(=0)t-butyl or 
OCH2O(C=0)iPr; " 

wiU, the promos that (a) when Rl is hydrogen and R2 is fluoro. then R3 is not 
hyAogen. tnfluoromethyl, f^oro, C1.3 alkyl, amino, or C1.3 alkoxy; (b) when Rl is 
hydrogen and R2 is fluoro. hydroxy, or C1.3 alkoxy, then R3 is not hydrogen or 
fluom; and (c) when Rl is hydrogen and R2 is hydroxy, then r3 is not p-hydroxy. 

7. The method of aaim 5 wherein Bis 




8. The method of Qaim 6 wherein B 



IS 




9. The method of Claim 5 wherein B is 
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10. The method of Claim 6 wherein B 



IS 



D 



5 11. "Hie n?ethod of daim 6 wherein the compound is selected fiom 

the group consisting of: | 

2'-0-methyl-cytidine, 

2'-C-methyI-cytidine, 

3',5'-di-0-octanoyI-2'-0-toethy]^;ytidine, 
► 3'-0-octanoy]-2'-<9-raethyl-cytidine, 
2'-C-methyl-adenosine, 

2'-C-methyJ-8-amino-adenosine, 

4-amino-5-cyano-7-(2-C-niethy]-P-D-ribofuranosy]m-pyrrolor23- 
rf]pyrimidine, 

4-amino-5-(aminocarbonyl)-7-(2-C-methyl-P-D-ribofuranosyl)-7J?- 
pyiro]o[23-</Ipyriinidine, 

3'-deoxy-3'-methy]-cytidine, 

4-aniino-7-(3-deoxy-3-inethyl-P-D-ribofuranosy]>.7i?-pyrroIo[2,3- 
flpyrimidin-5-carboxamide, 

4-amino-7-(3-deoxy-P-D-ribofumnosyi>7/^pym)lo[2>d]pyriinidine 

4-amino-7K3Kleoxy-P-D-ribofuianosyim.pynx,lo[23-rfJpyri^^^ 

carboxamide, 

3'-amino-3*-deoxyadenosiiie, 
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2-aimno-3,4-dihydro-4-oxo-7-(P-D-ribofuranosyl)-7fl^-pynDlo[2,3- 
t/lpyriinidin-5-carboxamide, 

4-amino-7-(p-I>-riboftaosyl)-7H-pyrTolo[23-^qpyrimidin-5K:arboxamid^^ 

2-amino-3,4-dihydn)-4-oxo-7-(p-D-ribofuranosyl)-7fl-pyrioloI2,3- 

iQpyrimidin-S-carbonitrile, 

2-amino-5-ethyl-7-(P-D-ribofuranosyl)-7//rpyiroIo[23-i/Ipyriim 
one, 

6- aniino-l-(P-D-ribofaranosyl>m-imidazo[4.5-c]pyridin^^^ 

2-amino-7-(3-deoxy-P-D-ribofurmosJ^>7/^pyrrolo[2,3-d]pyriImdin^^ 
one, 

2'-0-methylguanosine, 

2-anuno-7-(2-0-methyl-P-D-ribofuranosyl>7iy-pyn^o]o[2,3-d]pyrimidin^ 
4(3//)-one, 

2-amino-7-(2-C>-methyl-P-D-ribofuranosyI)-5//-pynDlo[3,2-d3pyriiid^ 
4(3fl)-one, 

7- (2-0>methyl-P^D-nbofuiMosyl).7^r-pym)IoP 
2-amino-5-inethyl-743-D-ribofwanosy^ 

one, 

2-amino-3,4-dihydro-4-oxo-7-(2-0-methyl-p-D-ribofuranosyl^^ 
I2,3-tf|pyrimidin-5-carbonitrile, 

2^amino-5-me%l-7K2-C)-inethyl-P-D-ribofuranosyI)-7H-py^^ 
d]pyriinidin-4(3/0-one, 

8- azidoguanosine, 
8-aminoguanosine, 
8-bromoadenosine, 
S-aminoadenosine, 
B-bromoguanosine, 

4- amino-7.(3-deoxy-.3^fluoro-p-D-ribofuranosyl>7H-pyiTolo[23-^ 

5- carboxainide, 

2-amino-4-chloro-7-(2-amethyl-p-D-ribofuranosyl).7i^^^ 
d]pyriimdin-5-carbonitrile, 

2-amino-4»cWoro-5-ethyl-7K2-0-methyl-P-D-ribofuranosyl)-7ff^^ 
<i]pyriniidine, 
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2-amino-^^hloro-5-methyl-7K2-0-methyl-P-D-ribofuranosyl>7H-py^^ 
[2,3-d]pyrimidine, 

2-ainino-7-(2-0-methyl-p.D-ribofuranosyI>7fl^.pym>]o[23-d]pyri^ 
4(3/0-thione, 

2-aniin(Hl-chIoro-7-(2-0-methyI-P-D-ribofuranosyim-pyrioloP 
^pyrimidine, 

2-amino-7K§-D-ribofuran()syl>7iy-pyiiolo[23-cqpyriniidine, 

2-amino^hloix)-7-(P-D-ribofurMosyim-pynDlo[23-d^ 

2-ainino-4K;Woro-5-niethyl-7-(p-D-iibofurmiosyl>^^^ 

rf]pyrimidine, 

1- (3-D-rib6furanosyI>li?-pyrazolbp,4-d]pyrimidin-4(3/^^ 
4-aniino-l-(p-D-ribofuranosyl)-m-pyrazolo[3,4-d]pyriniidme, 

2- amino-6-chloro-9-0-D-ribofuranosyI)-9iy.purine. 

2-aniino-4^hloro-7-(p-D-ribofuranosy])-7fl-pyiro]o[23-d^ 
carbonitrile, 

6-methyl-9-0-D-rib6furanbsyl)-9^?-purine, 

2-anun(>-7-(2-deoxy-ifluoTO-p-D.arabmofuranosyl>7iy-p^ 
d3pyriiiudin-4(3fl)-one, 

2-amino^.cUoro-7K2-deoxy-2.fluoro-P-D-aiabmofuranosyl>7iy-p^^^ 

rfjpyrimidine, 

2-amino-7-(P-D-arabinofuranosyl>7i/-pyrrolo[23-*qpyrimidin-4(3^one. 

2-amino-7-(P-D-arabinofuranosyl)-3,4-dihydro-4-oxo-7iy-pyrrolo[23- 
rflpyrimidin-S-carbonitrile, 

2-amino-5-methyl-7KP-D-arabinofuiBnosyl>7^-pyrrolo[2,3-rfJpyrimidin- 
4(3fl)-one, 

9-(P-D.arabinofuranosyl)-9F-purm-6(l/i>one, 

1- (P-D-arabinofuranosyJ)-l/?-cytosine, 

2- amino^chloio-5-methyl-7-(P-D-arabinofuranosyl)-7fl.pyn^oIoP 
i/Jpyrimidine, 

3'-deoxy-3'-(fluoromethyJ)-guanosine, 
2'-an)ino-2'-deoxycytidine, 

4-amino-7-(3-deoxy-P-D-ribofuranosyl>7H-pyrrolo(23-d]pyrinudin^ 
carbonitrile, 

2'-(?-methy]adenosine, 
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4-amino-7K2-0-methyl-p-D-ribofuranosyl)-7/f-p)arolo[23-d]pyriniidine, 

3'-aniino-3'-deoxy-2'-C>-methyl-adenosine, 

3'-deoxy-3'-methyl-uridine, 

6-amino-l-(3Hteoxy-P-D-ribofiiranosyl>m-miidazo[4,5-c]pyridin-4(5«)-one 

6-anuno-l-(3-deoxy-3rfluoro-P-p-ribofuranosyI>m-imidazo[4,5-c]pyri 
4(3fl)-one, 

2-aniino-7-(2-deoxy-p.Mbofuranosyl>3,4-dihy(^^ 
d]- pyrimidin-S-carbonitrile, 

3'-deoxy-2'-0-(2-methoxyethyl)-3'-methyK5-methyluridine, 
2' -aiiiino-2' -deoxy-uridine, 

2-amino-9-(p-D-arabiiiofiiranosyl)-9H-purin-6(lfl)-one, 
3'-deoxy-3'-methylguanosine, 

2'-C>-[4-(iinidazoIyI-l)butyl]guanosine, 
2'-deoxy-2'-fluoroguanosine, 
2'-deoxyguanosine, ^ 

2-ai3Mno-7-(2-<leoxy-?-flu6io-p-I>.ribofaranosyl>7^r-pyiTolo[23-^^ 
4(3fl)-one, 

2-amino-7-(3Kleoxy-P-D-ribofuranosyI)-3,4-dihydro-4-oxo-7H-pyrroto 

£(Ipyrimidin-5-carbonitrile, 

2-aniino-5-iodo-7KP-D-ribofuranosyI)-7i7-pym>lo[23-d]pyrimidin^(3i^ 
one, 

2-amino-7-(3-deoxy-3-methyl-p-D-ribofuranosyl)-7£r-pym>]o[2,3- 
d]pyrimidin-5-carbonitrile, 

2-amino-7-(P-D-ribofuranosyl>7ff-pyiroloI2,3-^i]pyrimidin-4(3^0-one, 

2-aniino-7-(2-<leoxy-P-D-ribofuranosyI)-7Jy-pyrrolo[23-d]pyriinidin-4(^^ 
one, 

2-aminc>-7-(3-deoxy-3-nM!%l-P-D-ribofuranosyl)-7H-pyiTolo[2,3- 
41pyrinudin-4(3//)-one, 

2-ainino-7-(3-deoxy-3-fluoro-P-D-ribofaranosyl>7fl-pyirolo[23-<flpyrimid 
4(3/0-one, 

6-anMno-l-(2-0-methyl-P-D-ribofuranosyl)-lir-imidazo[4,5-c]pyridin-4(5/^^ 
one, 

6-aimno-l-(2-deoxy-P-D-ribofuranosyl)-m-imidazo[4,5-c]pyridin-4(5fl)-one, 
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6-ainino-l-(3.<leoxy-3-methyl-P-D-ribofuranosyl>liy-iinidazo[4^-c]p^ 
4(5/0-one, 

6-ainino-l-(2-deoxy-2-fluoro-p-D-ribofuranosyl>m-imida2p[4,5-c]pyridin- 
4(5/0-one, ' 

6-ainino-l-(P-D-arabinofiiranosyI>lH-imi(tozo[4,5-c]pyridin-4(5«)-on 
2'-C>-[2-(^;A^diethylaininooxy)ethyl]-5-methyluridine, 
5-ethynyl-2'-0-(2-methoxyethyl)-cytidine, 

1- (2-C-methyl-P-D-arabinofuranosyl)uraci], 

2- aniino-2'-0-methy]adenosine, 
2'-deoxy-2'-fluoroadenosine, 
3 *-deoxy-3 '-methyladenosine, 

2-ainino-7-(2-deoxy-p-D-ribofuranosyl)-7//-pyrrolo[2,3-if|pyrimidine, 

4- anuno-7-(3-deoxy-3-fluoio-P-D-ribofuranosyl)-7ff-pym>Io[23-d]pyrimidii 

5- carboxamide, 

4-ainino-7-(3-deoxy-p-D-ribofuranosyl)-7//-p)arolo[2,3-^^ 
carboxamide, > 

4-amino-7-(2-0-metliyl-P-I>ribofuranosy])-7//-pyrrolo[23^^ 
4-amino-7KP-D-arabinofuranosyl)-7if-pyTOlot23-d]pyriinidine, 
4-amin()-lK3-deoxy-3-fluoro-P-D-ribofuranosyI)-l//-imidazo[4,5-c]pyridiTC 
4-amino-7-(p-D-ribofuranosyl)-7//-pyrTolo[2,3-^pyrimidine (tubercidin), 
4,6-diamino-7-(P-D-ribofuranosyl)-7/7-pyiTolo[2,3-d]pyrimidine, 

2-amino-7-(3-deoxy-3-fluoro-P-D-riboftiranosyl)-7^-pyiTolo-[2,3- 
iGpyrimidin-5-carboxamide, 

4-amino-l-(3-deoxy-P-D-ribofuranosyI)-l//-imidazo[4,5-c]pyridine, 
4-ainino-l-(3-deoxy-3-me%l-p-D-ribofuranosyl)-l/i^-imidazo[4,5-c]pyridine, 
4-aimno-l-(P-D-iibofuranosyl)-m-imidazo[4,5-c]pyridine, 
4-amino-^(2-C-methyl-p-I>ribofuranosyI>liy-pyrazolo[3,4-d]pyri^ 

4-ainino-7-(3-deoxy-3-fluoro-P-D-ribofuranosyl)-7/?-pym)loI2,3- 
^/Jpyrimidine; and 

the corresponding 5'-triphosphates, 5'- 

[bis(isopropyloxycarbonyloxymethyl)]monophosphates,5'-mono-(S-Ci_4 
alkanoyI-2-thioethyl)monophosphates, and 5'-bis-(S-Ci^ a]kanoyl-2- 
thioethyl)nionophosphates thereof; 
pharmaceutically acceptable salt thereof. 
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12. The method of Claim 2 wherein the.compound is selected from 
the group consisting of: 

2'-0-methyl-cytidine, 
2'-C-methyl-cytidine, 

3%5'-di-0-octanoyl-2'-0>methyl-cytidine, 
3'-0-octanoyl-2'-(?-methyl-cytidine, 
2'-C-methyl-adenosine, 
2'-C-metbyI-8-amino-adenosine, 

4-amino.5^yano-7-(2-C-methyI-p-D-ribofuranosyl>7^^^ 
d]pyrimidine, 

4.amino-5-(aminocarbonyl>7-(2-C.methyl.p-D.rib^ 
pyrrolo[2,3-d]pyriniidine, 

3*-deoxy-3'-methyI-cytidine, 

4-amino.7-(3-deoxy-:3-methyl.p.D.ribofiffanosyl>7i?^^ 
rfjpyrimidin-S-carboXamide, 

4^amino.7-(3.deoxy^;p.I>.ribofurm 

4^amino-7K3-deoxy.p-D^ribofuranosyl)-7/f.^^ 
carboxamide, 

20 3'-ainino-3'-deoxyadenosine, 

2.aniino-3,4-dihydro-4K)xo.7.(p.D-ribofuiMosyl>7J?-py^^^ 
rf]pyrimidin-5*carboxamide, 

4-amino-7.(p.D-ribofuranosyl>7F-pynx)]o[2,3-^py^^ . 

2-amino.3,4-dihydro.4-oxo-7-(p.D-ribofurahosyl>7//-pyrrolo[2,^^ 
25 4pyrimidin-5-carbonitrile, 

2-amino.5-ethyl.7.(P-D.ribofuranosyl).7^^^ 
one, 

6-amino-l-(P-D-ribofwm,osyl)-m-inuda2o[4^-c^^^ 

2-anuno-7-(3^eoxy-P-D-ribofunmosy]>7tf-pyirolo[2^-*qp^ 
one, 

2'-0-methylguanosine, 

2-anuno-7-(2-C7-methyl-P-D-riboforanosyl>7fl'-pyaolQr23^pyrim^^ 
4(3fl)-one. 

2-aniino-7-(2-0-methy]-P-D-riboftiranosyl)-5/f-pynDlo[3,2-d]pyrimi^^^ 
35 4(3fl)-one. 

-212- 



30 



wo 02/057425 



PCTAJS02/01531 



7- (2-0-methyl-P-D-ribofuranosyl>7//-pyrrolo[23-d]pyrimidine, 

2-ainino-5-inethy]-7-(P-D-ribofuranosyl>7//-pyn-olo[23-4py^ 
one, 

2-amino-3,4-dihydro-4-oxc)-7-(2-0.methy]-p-D-ribofuranosyl^ 
5 . [2,3-d]pyrimidin-5-carbonitrile, 

2-amino-5-inethyl-7-(2-0-niethy]-p.D-ribofuranosyl>^^^ 

d]pyrimidin-4(3fl>one, 

S-azidoguanosine, 

8- aminoguanosine, 
10 8-bromoadenosine, 

8-aminoadenosine, 
8-bromoguanosine, 

4- amino-7-(3-deoxy-3-fluoro-P-D-ribofuranosy])-7i?-py^^ 

5- carboxainide, 

15 2-aniino-4-chloro-7-(2-0-methyl-p-D-ribofuranosy^ 
d]pyrimidin-5-carbonitiile; 

2-amino-4-chloro-54thyl-7-(2-0-me%l-P-D-riboft^ 
rflpyrimidine, 

2-amino-4-chloro-5-methyI-7-(2-0-me%l.p-D-ribofuran 
20 [2,3-d]pyrimidine, 

2-amino-7-(2-0-methyI-p-D-ribofuranosyl>7if-py^^ 
4(3i0-thione, 

2-anuno-4-chIoro-7K2-0-raethyl-p-D"ribofuranosyl)-7J^^^ 
d]pyrimidine, 

25 2-amino-7-(p-D-ribofuranosyl>7H-pynrolo[23-d]pyrimi^^ 
2-aniino-4-chloro-7K|3-D-ribofuranosyl).7H.pyCT^^ 
2-amino-4-chloro-5-methyl-7«(P-D-ribofuranos^^^^ 
rflpyiimidine, 

1- (P-D-ribofuranosyl)-lH-pyi^olo[3,4-iqpyrimidin-4{3H)--oTie, 
30 4-aiTiino-l.(p-D-ribofui^osyl>li/-pyrazolo[3,4-rf]pyrimidin^ 

2- amino-6-chloro-9-(P-D-ribofuranosyI)-9fl^-purine, 

2-aiiuno-4-chloro-7-(P<D-ribofuranosyl)-7Af-pyjToIo[2,3-d]p^ 
carbonitrile, 

6-methyl-9-0-D-ribofuranosyI>9//-purine, 
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2-amjno-7-(2-deoxy-2-fluo^o-^-D-arabinofu^anosyl>7i/-py^olo(2,3- 
d]pyrimidin-4(3/0-one. 

2-aniino-4-ch]oro-7-(2-deoxy-2-fluoro-P-D-arabinofiiranosyl>7i/-p)^^^ 
</)pyriiiiidine, 

5 2-aiiuno-7-(P-D-arabinofiiianosyI>7^-pyiToIo[2,3-J]pyrimidin^(3^^ 

2-anuno-7-(P-D-arabinofuranosyl>3,4-dihydn>-4-oxo-7/?-pym)lo[2^ 
<fIpyrimidin-5-cart>onitrile, 

2-aniino-5-methyl-7-(P-D-arabinofuranosyl>7H-pyiroIo[23-rfIpyri^ 
4(3/0-one, 

10 9-(P-D-arabinofuranosyl>9fl-purin-6(lfl)-one, 

1- (P-D-arabinofiiranosyl>l/f-cytosine, 

2- amino-4K;hloro-5-methyl-7KP-D-arabinofuranosy])-7J5?-pym)lo[23- 
dlpyrimidine, 

3'-deoxy-3 '-(fluoromethyl>guanosine, 
15 2'-amino-2'-deoxyc3rtidine, 

4-amino-7-(3-deoxy-^D-ribofHranosyl)-7/f-pyiTolo(23-d]pyriim 
carbonitiile, ' 

2'-0-methyladenosine, 

4-aimno-7-(2-0-ine%l-P-I)-ribofunmosyi)-7H-pyn-olo[23-^^ 
20 3'-anjino-3'-deoxy-2'-<9-methyI-adenosine, 
3'-deoxy-3'-methyl-uridine, 

6-ainino-l-(3-deoxy-p-D-ribofuranosyl>-lfl'-imidazo[4,5-c]pyridin-4(5//>-one, 

6-amino-l-(3Kleoxy-3-fluoro-P-D-ribofuranosyl>m-iniidazo[4^-c]pyridin- ' 
4(3fO-one, 

2-amino-7-(2-^ieoxy-P-D-ribofuianosyl)-3,4-dihydro-4-oxo-7/?-pym>lo[23- 
d}- pyrimidin-S-carbonitiile, 

3'-deoxy-2'-C>-(2-methoxyethyl)-3'-methyl-5-methyluridine, 
2'-ainino-2'-deoxy-uridine, 

2-amino-9-(p-D-arabinofiiranosyl)-9J?-piirin-6(lfl)-one, 
30 3'-deoxy-3'-methylguanosine, 

2'-0-[4-(iinidazolyl-l)butyl]guanosine, 

2*-deoxy-2'-fluoroguanosine, 

2 ' -deoxyguanosi ne, 

2-ainino-7-(2-deoxy-2-fluoro-P-D-ribofuranosyl>7fl^.pyrrolo[23-tflpyriiiu 
35 4(3fl)-one, 
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2-amino-7-(3-deoxy-p-D-ribofuranosyl)-3,4-dihydro-4-oxo-7//-pym)Io[23. 
Opyrimidin-5-carbonitri]e, 

2-amino-5-iodo-7-(P-D-ribofuranosyl)-7//-pyn-olo[23-d]pyrinudin-4(3^ 
one, 

2-ainino-7-(3-deoxy-3-methyl-p-D-ribofuranosyl)-7fl'-pyiTolo[23- 
d]pyrimidin-5-carbonitrile, 

2-amino-7-(P-D-ribofuranosyl)-7//-pyrrolo[23-<flpyriimdin-4(3fl)-on 

2-ainino-7-<2-Kieoxy-P-D-ribofuranosyl>7/?-pyirolo[23-d]pyrinudin-4(3fl> 
one, 

2-amino-7-(3-deoxy-3-methyl-P-D-ribofuranosyl)-7/f-pynolo[23- 
fi]pyriinidin:4(3fl>one, 

2-amino-7-(3-deoxy-3-fluoro-p-D-ribofuranosylHJ^^-P3«ToIo[2,3-d]pyriinidi^ 
4(3fl)-one, 

6-aniino-l-(2-amethyl-P-D-ribofuranosyl)-l//-imidazo[4,5-c]pyridin-4(5/0- 
one, 

6-amino-l-(2-deoxy-'p-D.ribofuranosyl)-lJT4inida2o[4,5H:]pyridin-4(5J^ 

6-aiiuno-l-(3-deoxy^3-methyl-P-D-riboftranosyl)-lJ?-iiiii 

4{5H)-om, 

6-aniino-l-(2-deoxy-2-fluoro-P-D-ribofuranosyl)-lH-iimdazo[4,5-c]pyri 
4(5^0-one, 

6-amino-l-(P-D-arabinofuranosyl)-l/ir-iniidazo[4,5-c]pyridm-4(5fi>one, 

2'-0-[2-(A^,A^-diethylaminooxy)ethyl]-5-methyluridine, 

5-ethynyl-2'-C>-(2-methoxyethyl)-cytidine, 

1- (2-C-methyl-P-D-arabinofuranosyl)uraci], 

2- an]ino-2'-0-niethyladenosine. 
2'-deoxy-2'-fluQroa;denosine, 
3'-deoxy-3'-methyladenosine, 

2-aniino-7-(2-deoxy-p-D-ribofuranosyI)-7^r-pym)lo[23-rflpyriinidine, 

4- amino-7-(3-deoxy-3-fluoro-P-D-ribofuranosyl)-7H-pynolot23-d]pyrimidin 

5- carboxamide, 

4-amino-7-(3Kieoxy-P-D-riboftiranosylH/f-pyirolo[2,3-^i]pyrimidin-5- 
carboxamide, 

4-amino-7-(2-C>-methyl-p-D-ribofuranosyl)-7F-pyrrolo[2,3-d]pyriniidine, 
4-aimno-7-(p-D-arabinofurahosyl)-7H-pyiToio[2,3-^pyriniidine, 
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4-ainin(>-l-(3-deoxy-3-fluoro-P-D-ribofuranosyl)~l//-imidazo[4,5-c]pyri 
4-amino-7-(P-D-ribofuranosyl)-7H-pyn-olo[23-<Ipyriim (tubercidin), 
4,6-dianiino-7-(P-D-ribofuranosyl)-7ff-pyiTo]o[2,3-^pyriniidine, 
2-aiiiino-7-(3-deoxy-3-fluoro-P-D-ribofuranosyl)-7^-pyrrol<>[2,3- 
5 dJpyrimidin-S-^arboxamide, . 

4-amino-l-(3-deoxy-p-D-ribofuranosyl>l/f-inudazo[4,5-c]pyridin 
4-amino- 1 -(3-deoxy-3-inethyl-P-D-ribofiiranosyl)- lHTiiiiidazo[4,5-<r]pyridine, 
4-aimno-l-(P-D-ribofuranosyl)-l//-iimdazo[4,5-c]py^ 
4-amino-l-(2-C-methyI-P-D-ribofuranpsyl)-l/?-pyrazolo[3,4-£flpy^ 
4-ainino-7-(3-deoxy-3-fluc)ro-P-D-ribofunmosyl)-7/^pyn^ 
iflpyrimidine; and 

the corresponding 5*-triphosphates, 5'- 

[bis(isopropyloxycarbonyloxyinethyI)]monophosphates, 5'-mono-(S-Ci^ 
alkanoyl-2-thioethyl)monophosphates, and 5'-bis-(S-Ci-4 alkanoyl-2- 
thioethy])monophosphates thereof; 
or a pharmaceutically acceptable salt thereof. 

13. The method of Claim 1 1 wherein the compound is selected 
from the group consisting of: 
2'-0-methyl-cytidine, 
2'-C-methyl-cytidine, 
3',5'-di-0-octanoyI-2'-0-methyl-cytidine, 
3'-0-octanoyl-2*-0-methyl-cytidine, 

4-amino-l-(P-D-ribofiu:anosyl>lff-pyrazolo[3,4-^f|pyrimidine, 
4-anuno-5-cyano-7-(2-C-methy]-P-D-ribofuranosyl)-7H-pyrrolo[2,3- 
d]pyrimidine, 

4-amino-5-(aminocarbonyl)-7-(2-C-methyl-P-D-ribofuranosyl)-7H- 
pyrrolo[2,3-4pyrimidine, 

2'-C-methyladenosine, 
2'-C-methyl-8-amino-adenosine, 
3'-deoxy-3'-methyl-cytidine, 

4-amino-7~(3-deoxy-3-methyl-p-D-ribofuranosyl)-7/f-pyrroio[2,3- 
d]pyrimidin-5-carboxamide, 

4-amino-7-{3-deoxy-P-D-ribofuranosyl)-7/f-pyrrolo[23-^pyrimidi 
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4-amino-7-(3-deoxy-p-D-ribofiiranosyI)-7//-pyiTolo[23-flpyrimidin 
carboxamide, 

3 ' 'arainorS ' -deoxyadenosine, 

2-amino-3,4-dihydro-4K)xo-7-(P-D-ribofuranosy]>7//-pyrrolo[2,3- 
5 i/lpyrimidin-5-carboxamide, 

4-amino-7KP-D-ribofuranosyl>7H-pyrrolo[23-d]pyrimi^ 

2-amino-3,4-aihydK)-4-oxo-7-(p-D-ribofuranosyI)-7/^pya^^ 

£f]pyrimidin-5-carbonitrile, 

2-airano-5"ethyl-7-(P-D-ribofuranosylH^"Pyn-olo[23 
10 one, 

6- amino-l-(P'D-ribofuranosyl)-lH-imidazo[4,5-c]pyridin-4(5ff)-one, 
2-amino-7-(3-deoxy-P-D-ribofuranosyl>7H-pyrrolo[23-^j]pyrimidin-4(^ 
one, 

2'-0-methylguanosine, 

15 2-amino-7-(2-0-me%l-P-D-ribofiiranosyl)-7H-pyrrolo[23-^ 
4(3//)-one, ' 

2-amino-7-(2-0-methyl-p-D-ribofuranosyl>5if-pyrrolo[3^^ 
(3fO-one, 

7- (2-0-methyl-P-D-ribofuranosyl)-7H-pyrrolo[23-flpyrimidine, 

20 2-amino-5-methyl-7-(p-D-ribofuranosyl>7H-pyrrolo[23-flpy^ 

one, 

2-amino-3,4-dihydro-4-oxo-7-(2-0-niethyl-P-D-ribofuranosyl>7//-pyiTolo- 
[2,3-^pyriniidine-5-carbonitrile, 

2-amino-5-methyI-7-(2-(>-methyl-P-D-ribofuranosyl)-7//-pyirolo[2,3- 
25 d]pyrimidin-4(3fl>-one, 

8- azidoguanosine, 
8-aminoguanosine, 
8-bromoadenosine> 
8-aminoadenosine, 

30 8-bromoguanosine, 

4-amiBO-7-(3-deoxy-3-fluoro-P-D-ribofuranosyl>7H-pyrrolo[23-d]- 
pyriniidin~5-carboxamide, 

2-amino-4-chloro-7-(2-.0-niethyl-p-D-ribofuranosyl)-7//-pyiTolo[2,3- 
rf]pyrimidin-5-carbonitiile. 
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2.amino-4-ch]oro-5^%1.7-(2-0-methyI-p«D-ribofa^ 
d] pyrimidine, 

2-amino^-chloro-5-methyl-7-(2-amethyl-p-^^^ 
[2,3-rf]pyrimidine, 

5 2-amino-7-(p«D-ribofuranosyl)-7/f-pyn-o]o[23-c^)pyrimi^ 

2.aminch4K:hloro-7-(p.D-ribofuranosyl)-7//^^ 

2-amino-4-chIon>-5"methyl^7-(P-D-ribofuranosylH^ 
d]pyrimidine, 

2-amino-7-(2"deoxy-2.fluoro-p.D-arabmofi^ 
10 d]pyrijnidin-4(3//)-one, 

2-amino-7-(P-D^arabinofuranosyl>7//-pyirolo[23^pyrim^ 

4-amino-lK2-C.me%l-p.D.ribofuranosyl)-lff^^ 

and 

2-aminc>-7-(P>D-arabinofuranosyl).3,4.dihydn>-4-oxo-7 
15 flpyrimidin-5-carbonitrile; and 

the corresponding 5'i-triphosphates, 5'- 

[bis(isopropyloxycarlbonyloxymethyl)]monophosphates,5'-^^^ 
2-thioethyl)monophosphates, and 5*-bis-(S-p!valoyl-2- 
thioethyl)monophosphates thereof; 
20 or a pharmaceutically acceptable salt thereof. 

14. The method of Claim 12 wherein the compound is selected 
from the group consisting of: 

2'-0-methyl-cytidine, 
25 2'-C-methyl-cytidine, 

3%5'-di-0-octanoyl-2'-0-methyl-cytidine, 
3'-0-octanoy]"2'-0-.methyl-cytidine, 

4-amino-l-(P-D-ribofuranosyI)-l/^pyra2olo[3,4-flpyrimidin 

4-amino-5.cyano-7-(2-C-methyl-P-D-ribofiiranosyl)-7//-p^^^ 
30 ^/Jpyrimidine, 

4-aniino-5-(aminocarbonyl)-7^2-C-methyl-P-D-ribofuranosyl)-7Jf- 
pyrrolo[2,3-rf]pyrimidine, 

2'-C-methyladenosine, 
2*-C-methyl-8-amino-adenosine, 
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3 '-deoxy-3 '-methyl-cytidine, 

4-amino-7-(3-deoxy-3-methyl-P-D-ribofuranosyl>7/f-py^^ 
4pyrimidin-5-carboxaniide, 

4-ainino-7-(3-deoxy«p.D.ribofuranosyI)-7/?-pyrrolo[23-rfJpyrim 

4-amino-7-(3-deoxy^p.D-ribofuranosyl)-7J¥-pyrTolo[2,3«flpy^^ 
carboxamide, 

3'-amino-3'-deoxyadenosiiie, 

2-ainino-3,4-dihydit>4-oxo-7-(p-D-ribofuranosyl)-^^ 
d]pyriniidin-5-carboxainide, 

4-amino«7^(p.I>.ribofuranc)syl).7H.pyirolo[2 

2-amino-3,4Kfihydro-4-oxo-7-(P-D-ribofuranos^^ 
rflpyrimidin-S-caibonitrile, 

2-ajnino-5-ethyl-7-(&-D-ribofuranosyl>7ff-pyiToIoP^^ 
one, 

6-ainino-l-(p.D-riboforanosyl)-l//-iraidazo[4,5-c^^ 

2-aimno-7-(3-deoxy-p-D-^ribolwanosyl)-7H-pyiTolo[^^ 
one, 

2'-0-methylguanosine, 

2-amino-7-(2-0-methyI"p-D.ribofuranosylH//.pyirolo[2,3 

4(3fl)-'One, 

2-amino-7.(2-0-methyl.p-D-ribofuranosyl>5iy-pynx)lo^^ 
(3//)^one, 

7K2-0-methyl-3-D.ribofuranosyl)-7H-pyn-olo[2,3-tqpyrimidine, 

2-amino-5-methyl«7-(p.D.ribofuranosyim-pyiTOlo[23-fl 
one, 

2-amino-3,4Klihydro-4K)xo-7-(2-0-methyI.p-D.ribofo^^ 
[2,3-£i]pyriinidine-5-carbonitriIe, 

2-aniino-5-methyl-7-(2-0-methyl-p-D-ribofuranosyl^^^^ 

d]pyrimidin-4(3fl)-one, 

8-azidoguanosine, 

S-aminoguanosine, 

8-bromoadenosine, 

S-aminoadenosine, 

8-bromoguanosine, 
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4-anuno-7-(3-deoxy-3-fluofc)-P-D-ribofmBnosyl)-7i/--py^ 
pyrimidin-5-carboxainide, 

2-amino-4K:hIoro-7-(2-0-me%l-P-D-ribofui^osylH//-py^^^ 
rfIpyiitnidin-5-carbonitrile, 

2-amiTio-4-chIoro-5-ethyl-7.(2-0.methyl-P-D.ribo 
d] pyrimidine, 

2-amino-4.chloro-5-methyl-7-(2-0-methyl-p-D.ribo^ 
t23-d]pyriinidine, 

2-amin6-7-(P-D-ribofui^osyl)-7ff-pyTO 

2-aminc>-4-chIoro-7-(P-D-ribofuranosyl)-7£/-pym>lo[^^^^ 

2-amino-4K:hloro«5.methyl.7KP-D«ribofuranosyI)-7 
f/Jpyrimidine, 

2-ainino-7-(2-deoxy-2-fIuoro-p-D-arabinofuiM 
^/lpyriinidm-4(3//>oiie, 

4-aimno-l-(2-C-methyl-p.D-riboiuranosyl)-m^^ 

2-amino-7KP-D-arabinofuranosyl)-7i?-pyiToto^^ 
and 

2-amino-7-(P-D-arabinofuranosyl>3,4Kiihydi^ 

flpyrimidin-5-carbonitrile; and 

the corresponding 5 '-triphosphates, 5'- 

t[bis(isopropyloxycarbonyloxymethyl)]monophosphates, 5'-mono-(S-.pivaloy]- 
2-hioethyl)inonophosphates, and 5'-bis-(S-pivaIoyl-2- 
thioethyl)monophosphates thereof; 
or a pharmaceutically acceptable salt thereof. 

15. The method of Qaim 1 3 wherein the compound is selected 
from the group consistijig of: 

2'-0-methyl-cytidine, 

2'-C-methyl-cytidine, 

3' ,5'-di-0-octanoyl-2'-0-methyl-cytidine, 

3'-0-octanoy]-2'-0-methyl-cytidine, 

4-aniino-l-(P-D-ribofuranosyl)-.l/7-pyrazolo[3,4-d]pyrimidine, 

4-aniino-5-cyano-7-(2-C-methyl-P-D-ribofuranosyI>7/f-pyiroIo[2,3- 
4]pyrimidine, 
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4- amino-5-(aminocarbonyl)-7-(2-C-iiiethyl-P-D-ribofuranosyl>7ir- 
pyrro]o[2,3-i/Ipyriinidine, 

2'-C-methyIadenosine, 

2*-C-methyl-8-ainjno-adenosine, 
5 8-bromoguanosine, 

5- aminoguanosine, 
S-aminoadenosine, 

4-ainino-7-<3.deoxy-P-D-ribofuranosyl)-7/f-pym)lo[23-d]pyrimidine, 

2-amino^M<mv5^thyl-7-(2-a^lethyl-^-D-ribofuranosyl)-7/^^^^ 
10 </) pyrimidine, 

2-aniino-3,4-dihydn)-4-oxo-7-(p.D.ribofuranosyl>7Jy-pyrTolop^^ 

iflpyrimidin-5-carboxamide, 

4-aniino-l-(2-C-methyI.p-D-ribofuranosyl)-lH-pytazolo[3,4-d]pyrinMdin^ 

2-aniino-4-chloro-7-(2-0:methyl-p.D-ribofuranosyl>7/f-pyirolo[2,^ 
d]pyriniidin-5-carbo^itrile; 

and the conesponding 5'-trif)hosphates thereof; 

2'-0.methylcytidine-5'-[bis-(5-piva]oyl-2-thioethyl)phosphateJ. 
2-aniino-7K3-deoxy-P-D-ribofuranosyl)-3,4-dihydnM-oxo-7^-py^^^ 
4pyiimidine-5*-n)is-(5-pivaloyl-2-thioethyl)phosphate], 
3'-deoxyguanosine-5'-[his-(5-pivaloyl-2-thioethyl)phosphate]. and 
3'-deoxycytidine-5'-[bis-(5-pivaIoyl-2-thioethyl)phosphate]; 
or a phannaceutically acceptable salt thereof. 

16. The method of Claim 14 wherein the compound is selected 
firom the group consisting of: 

2*-0-methyl-cytidine, 
2'-C-methyl-cytidine, 

3',5'^i-aoctanoyl-2'-<?^inethyl-cytidine, 
3'-0-octanoyl-2'-<?-methyl-cytidine, 

4-ainino-l-(P-D-ribofiiranosyl)-lH-pyra2olo[3.4-d]pyriinidine. 

4-amino-5-cyano-7-(2-C-methyl-p.D-ribofuranosyl)-7H-pym)lo[2,3- 
//jpyrimidine, 

4-aniino-5^(aminocarbonyl)-7-(2-C-methyI-P-D-riboforanosyl>7iy. 
pynolo[2,3-d]pyrimidine, 
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2'-C-methyladenosine, 
2 ' -C -methyl-S-ainino-adenosine, 
8-bromoguanosine, 
S-aminoguanosine, 
5 S-aminoadenosine, 

4-amino-7-(3Kieoxy-P-I>-ribofuranosyim^^ 
2^amino-4.chloro-5-ethyl-7-(2^0.methy^^^ 
d] pyrimidine, 

4:^kiiiino.l.(2.C-me%l.p.D-ribofu^ 

10 2-ainino-3,4-dihydrt>-4-oxo-7-(p-D-ribofuianosyl>7»^^ 
^Qpyriinidin-5-carboxamide, 

2-amnc>^hloro.7K2-0-rae%l-p-D-ribofu^^ 
d]pyrijnidin-5-carbonitri]e; 
and the corresponding 5'-triphosphates thereof; 
15 2'.amethylcytidine;5^[bis«(S.piva]oyl-2-thioethyl)phosphate], 
2^aniino-7-(3.deoxy^p.D-ribofurahosyl)-3,4.dihydro-4- 
rfIpyrimidine-5*-[bis^(5-piva]oyl.2-thioethyl^^ 
3'<Ieoxyguanosine.5'-[bis-(5-pivaloyW-thioethyl^^ and 

3'.deoxycytidine-5^[bis-(S.pivaloyl-2-thioethyl)phosphate]; 
20 or a pharmaceutically acceptable salt thereof, 

17. The method of Claim 15 wherein the compound is selected 
from the group consisting of: 

2'-.0-methylcytidine, 
25 . 2'-C-methylcytidine, 

3',5'-di>C?-octanoyl-2'-0-methyl-cytidine, 

3*-0-octanoyl-2'-0-methyl-cytidine, 

4-amino-l-(p-D-ribofuranosyl)-l/f<pyrazolo[3.4-d^ 

4-amino-5-cyano-7-(2-C-methyl-p-D-ribofuranosyl>7i/-pyi^^^ 
30 ^Gpyrimidine, 

4-araino-5-(aminocarbonyl)-7-(2-C-methyl-P-D-ribofuranosyl)^^^ 
pyrrolo[2,3-d]pyrimidine, . . • 

2'-C-methyIadenosine, 

2'-0.methylcytidine-5'-[bis-(5-pivaloyl-2-thidethyl)phosphate], 
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2-amino-7-(3-deoxy-P-D-ribofuranosyl)-3,4-dihydrc)-4-oxo-7i?-py^^ 
cqpyrimidine-5'-[bis-(5-pivaloyI-2-thioethyl)phosphate],and 
3'-deoxycytidine-5'-[bis-(5-pivaloyl-2-thioethyl)phosphate]; 
or a phannaceutically acceptable salt thereof. 

5 

18. The method of Claim 16 wherein the compound is selected 
from the group consisting of: 
2'-0-methylcytidine, 
2*-C-methylcytidine, 
10 3',5'-di-0-octanoyl-2'-0-methyl-cytidine, 
3'-0-octanoyl-2*-0-methyl-cytidine, 

4-amino-l-(p-D-ribofuranosyl)-lH-pyrazolo[3,4- Jlpyrimidine, 

4-amino-5-cyano-7-(2-C-methyl-^-D-ribofuranosyl>7£r-pyrrolo[2,3- 
cQpyrimidine, 

15 4-amino-5-(aniinocarbonyl)-7-(2-C-methyl>P-D-ribofuranosyI)-7iff- 
pyrrolo[23-firipyrimidine, 
2'-C-methyIadenosine» 

2'-0-methylcytidine-5'-[bis-(5-pivaloyI-2-thioethyl)phosphateJ, 
2-amino-7-(3-deoxy-p-D-ribofuranosyl)-3,4-dihydro-4-oxo-7fl-pyirolo[2.3- 
20 rf]pyrimidine-5'-[bis-(5-pivaloyl-2-thioethyI)phosphate],and 
3'-deoxycytidine-5'-tbis-(5-pivaloyl-2-thioethyl)phosphate]; 
or a pharmaceutically acceptable salt thereof. 

1 9. The method of Claim 1 wherein said RNA-dependent RNA 
25 viral polymerase is Flaviviridae viral polymerase or Picomaviridae viral polymerase 

and said RNA-dependent RNA viral replication is Flaviviridae viral replication or 
Picomaviridae viral replication. 

20. The method of Claim 19 wherein said Flaviviridae viral 
30 polymerase is selected from the group consisting of hepatitis C virus polymerase, 

yellow fever virus polymerase, dengue virus polymerase, West Nile virus polymerase, 
Japanese encephalitis virus polymerase, Banzi virus polymerase, and bovine viral 
diarrhea virus (BVDV) polymerase and said Flaviviridae viral replication is selected 
from the group consisting of hepatitis C virus replication, yellow fever virus 
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replication, dengue virus replication. West Nile virus replication. Japanese 
encephalitis virus replication. Banzi virus replication, and bovine viral diarrhea virus 
replication. : 

^ 21. The method of Claim 20 wherein said F/ovmndag viral 

polymerase is hepatitis C virus polymerase and said Flaviviridae viral replication is 
hepatitis C virus replication. 

22. The method of Claim 2 wherein saidRNA-dependent RNA 
10 viral infection is Flavmridae viral infection or Picomaviridae viral infection. 

23. The method of Claim 22 wherein said Flaviviridae viral 
infection is selected from the group consisting of hepatitis C virus infection, yellow 
fever virus infection, dengue virus infection. West Nile virus infection, Japanese 
encephalitis virus infection, Banzi virus infection, and bovine viral diairhea virus 
infection. . 



15 



20 



24, The method of aaim 23 wherein said i^ovrvinVfae viral 
infection is hepatitis C virus infection. 

25. A compound of structural formula IV of the indicated 
stereochemical configuration: 



O 




(IV) 

wherein B is selected from the group consisting of 



-224- 



wo 02/057425 



PCT/US02/01531 




A, G, and L are each independently CH or N; 

D is N, CH, C-CN, C.NO2, C-C1.3 alkyl, C-NHCONH2, C-CONRl iRl 1, 
CCSNRllRll, C-COORll, C^C(=NH)NH2, C-hydroxy, C-Ci«3 alkoxy, C-amino, 
5 C-Cm alkylamino, C-di(Cj^ alkyl)amino, C-halogcn, C-(l,3-oxa2oI-.2-yl), C-(13- 
thiazol-2-yl), or C-(imidazoI-2-yl); wherein alkyl is unsubstituted or substituted with 
one to three groups independently selected from halogen, amino, hydroxy, caiboxy, 
and Ci>3 alkoxy; 

EisNorCRS; 
10 WisOorS; 

X is O, CH2, or CF2; 

Rl is hydrogen, C2-4 alkenyl, C2-4 alkynyl, or Ci^ alkyl optionally substituted with 
amino, hydroxy, or 1 to 3 fluorine atoms and one of R2 and R3 is hydroxy or Ci^ 
alkoxy and the other of R2 and R3 is selected from the group consisting of 
15 hydrogen, 

hydroxy, 

halogen, 

Ci-4 alkyl, optionally substituted with 1 to 3 fluorine atoms, 
Ci-10 alkoxy, optionally substituted with C1-3 alkoxy or 1 to 3 fluorine 
20 atoms, 

C2-6 alkenyloxy, 

Ci-4 alkylthio, 

Ci-8 alkylcarbonyloxy. 
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aryloxycarbonyl, 

azido, 

amino, 

Ci-4 alkylamino, and 
5 di(Ci-4 alkyI)aniino; or 

R2 is hydrogen, C2A alkenyl, C2^ alkynyl, or Ci^ alkyl optionally substituted with 
amino, hydroxy, or 1 to 3 fluorine atoms and one of Rl and R3 is hydroxy or Ci-4 
alkoxy and the other of Rl and R3 is selected from the group consisting of 
hydrogen, 
10 hydroxy, 
halogen, 

Ci-4 alkyl, optionally substituted with 1 to 3 fluorine atoms, 
Ci-io alkoxy, optionally substituted with hydroxy, Ci-3 alkoxy, carboxy, or 1 
to 3 fluorine atoms, 
15 C2-6 alkenyloxy, 

Ci^ alkylthio, \ 
Cus alkylcarbonyloxy, 
aryloxycarbonyl, 
azido, 

20 amino, 

Ci-4 alkylamino, and 
di(Ci^ alkyOamino; or 

Rl and R2 together with the carbon atom to which they are attached form a 3- to 6- 

membered saturated monocyclic ring system optionally containing a heteroatom 
25 selected from O, S, and NCo-4 alkyl; 

R4 and R6 are each independenfly H, OH, SH, NH2, Ci^ alkylamino, di(Ci^ 

alkyl)amino, Cs^ cycloalkylamino, halogen, Ci-4 alkyl. Cm alkoxy, or CF3; 

R5 is H, C1.6 alkyl, C2-6 alkenyl, C2-6 alkynyl, Cm alkylamino, CF3. or halogen; 

Rl4 is H, CF3, Ci-4 alkyl, amino, C1-4 alkylamino, C3.6 cycloalkylamino, or 
30 di(Ci-4 alkyl)amino; 

R7 is hydrogen, amino, Ci-4 alkylamino, C3.6 cycloalkylamino, or 

di(Ci-4 alkyl)amino; 

each Rll is independently H or C1.6 alkyl; 



-226- 



wo 02/057425 ^ PCT/US02/0153i 



R8 is H, halogen, CN, carboxy. C1-4 alkyloxycarbony], N3, amino, Cm alkylamino, 
di(Ci^ alkyOaraino, hydroxy, Ci^ alkoxy, Ci-6 alkylthio, Ci-6 alkylsulfonyl, or 
(Cm alkyl)o.2 aminomethyl; 

Rl2 and Rl3 are each independently hydrogen, methyl, hydroxymethyl, or 
5 fluoromethyl; and 

R9 and RlO are each independentiy hydroxy, OCH2CH2SC(=0)Cm alkyl, 
0CH20(C=0)0Cm aIky].kHCHMeC02Me, 0CH(Ci-4 alkyl)0(C=0)CM alkyl, 

/"0"'Y^S(CH2)iiCH3 ^0'^V^S(CH2)i7CH3 
0(CH2)9CH3 °^ OCO(CH2)i4CH3 

provided that at least one of R9 and RlO is not hydroxy. 



10 



26. The compound of Claim 25 of structural fonnula V of the 
indicated stereochemical configuration: 




IS wherein B is 



R^ 

(V) 



R^ r6 



l X or R«-</ 1 

•WW* / 



D is N, CH, C-CN, C-NO2. C-Ci_3 alkyl, C-NHCONH2, C-CONRHrH, 
C-CSNRllRll, C-COORll, C-hydroxy, C-C1.3 alkoxy, C-amino. C-Cm 
alkylamino, C-di(CM alkyl)amino, C-halogen, C-(1.3-oxazol-2-yI). C-(l,3-thia2ol-2- 
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y]), or a(imidazol-2-yl); wherein alkyl is unsubstituted or substituted with one to 
three groups independently selected from halogen, amino, hydroxy, caiboxy. and 
• Ci-3 alkoxy; 

W is O or S; 
5 EisNorC-R5; 

Rl is hydrogen, C2^ alkenyl, C2^ alkynyl, or alkyl optionally substituted with 
amino, hydroxy, or 1 to 3 fluorine atoms and one of R2 andR3 is hydroxy or Ci^ 
alkoxy and the other of R2 and R3 is selected from the group consisting of 

hydrogen, 
10 hydroxy, 

halogen, 

Cl-S alkyl, 

trifluqromethyl, 

Ci-4 alkoxy, 
15 Ci-4 alkylthio, 

Ci.8 alkylcarbonyloxy, 

aryloxycarbonyl, 

azido, 

amino, 

20 Ci^ alkylamino, and 

di(Ci-4 alkyl)amino; or 
R2 is hydrogen, C2-4 alkenyl, C2-4 alkynyl, or alkyl optionally substituted with 
amino, hydroxy, or 1 to 3 fluorine atoms and one of Rl and R3 is hydroxy or Ci^ 
alkoxy and the other of Rl and R3 is selected from the group consisting of 
25 hydrogen, 
hydroxy, 
fluoro. 
Cm alkyl, 

trifluoromethyl, 
30 Ci^ alkoxy, 

Ci^ alkylthio, 
Ci-8 alkylcarbonyloxy, 
azido, 
amino, 

35 Ci-4 alkylamino, and 
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di(Ci-4 alkyl)amino; or 
Rl and R2 together with the carbon atom to which they are attached form a 3- to 6- 
membered saturated monocyclic ring system optionally containing a heteroatom 
selected from O, S, and NCo-4 alkyl; 
5 R4 and R6 are each independently H, OH, SH, NH2, C1.4 alkylamino, di(Ci^ 
alky])amino, C3-6 cycloalkylamino, halogen, C1-4 alkyl, Ci^ alkoxy, or CF3; 
R5 is H, Ci^ allq^l, C2-6 alkenyl, C2.6 alkynyl, C]^ alkylamino, CF3, or halogen; 
R7 is hydrogen, amino, C1-4 alkylamino, C3-6 cycloalkylamino, or 
di(Ci-4 alkyl)amino; 
10 each Rl 1 is independently H or Ci .5 alkyl; 

R8 is H, halogen, CN, carboxy, C1.4 alkyloxycarbonyl, N3, amino, C1-4 alkylamino, 
di(Ci-4 alkyl)amino, hydroxy, Ci-6 alkoxy, Ci.6 alkylthio, Ci-6 alkylsulfonyl, or 
(Ci^ alkyl)o-2 aminomethyl; and 

R9 and RlO are each independently hydroxy, OCH2CH2SC(=0)Ci-4 alkyl, or 
15 0CH20(C=0)Ci^ alkyl, provided that at least one of R9 and RlO is not hydroxy. 

27. The compound of Claim 26 of structural formula VI: 



O 



20 wherein B is 




D is N, CH, C-CN, C-NO2. C-C1.3 alkyl, C-NHCONH2, C-CONRHrH. 
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C-CSNRllRll, C-COORll, C-hydroxy, C-C1.3 alkoxy, C-amino, C-C1-4 
alkylamino, C-di(Ci-4 alkyl)amino, C-halogen, C-(13-oxazol.2-yl), C.(l,3-thiazol-2- 
yl), or C-(imidazol-2-yl); wherein alkyl is unsubstituted or substituted with one to 
three groups independently selected from halogen, amino, hydroxy, carboxy, and 
5 C1.3 alkoxy; 

WisOorS; 

Rl is hydrogen, C2-A alkenyl, C2-4 alkynyl, or Ci^ alkyl optionally substituted with 
amino, hydroxy, or 1 to 3 fluorine atoms and one of R2 and R3 is hydroxy or Cm 
alkoxy and the other of R2 and R3 is selected from the group consisting of 
10 hydrogen, 

hydroxy, 

fluoro, 

Gl -3 alkyl, 

trifluoromethyl, 
15 Ci-3 alkoxy, 

Ci-8 allqflcarbonyloxy, and 

amino; or 

R2 is hydrogen, C2A alkenyl, C2-4 alkynyl, or Ci^ alkyl optionally substituted with 
amino, hydroxy, or 1 to 3 fluorine atoms and one of Rl and R3 is hydroxy or Ci»4 
20 alkoxy and the other of Rl and R3 is selected from the group consisting of 
hydrogen, 
hydroxy, 
fluoro, 
Cl-3 alkyl, 
25 trifluoromethyl, 
Ci-3 alkoxy, 

Ci-8 alkylcarbonyloxy, and 
amino; or 

Rl and R2 together widi the carbon atom to which they are attached form a 3- to 6- 
30 membered saturated monocyclic ring system optionaUy containing a heteroatom 
selected from O, S, and NCo-4 alkyl; . 
R6 is H, OH, SH, NH2, Ci«4 alkylamino, di(Ci_4 alkyl)amino, 
C3-6 cycloalkylamino, halogen, Ci^ alkyl, Ci_4 alkoxy, or CF3; 
R5 is H, C1.6 alkyl, €216 alkenyl, C2-6 alkynyl, Cm alkylamino, CF3, or halogen; 



-230- 



wo 02/057425 



PCTAJS02/01531 



R7 is hydrogen, amino, Ci^ alkyJamino, C3.6 cycloalkylainino, or 
di(Ci-4aIkyl)ainino; 

each R 1 1 is independently H or C 1 -6 alkyl ; 

R8 is H, halogen, CN, carboxy. Cm alkyloxycarbonyl, N3, amino, Cm alkylamino. 
5 di(CM alky])amino, hydroxy. Ci-6 alkoxy. Ci-6 alkylthio. C1.6 alkylsulfonyl. or 
(Cm alkylX)-2 aminomethyl; and 

R9 and RlO are each independently hydroxy, OCH2CH2SC(=0)t-butyl, or 
OCH20(C=0)iPl-, provided that at least one of R9 and RlO is not hydroxy. 

28. The compound of Qaim 27 selected from the group consisting 

of: 

2'-0-methyIcytidine-5'-[bis-(5-pivaloyl-2-thioethyl)phosphateJ, 

2-amino-7-(3-deoxy-p-D-ribofuranosyI)-3.4-dihydro-4-oxo-7iy-pyirolo[23- 

rflpyrimidine-5'-[bis-(5-pivaloyl-2-thioethyl)phosphate], 

15 3'-deoxyguanosine-5'-[bis-(5-pivaloyl-2-thioethyl)phosphate]. 
2'-0-methylguanosine-5'-[bis-(5-acetyl-2-thioethyl)phosphate], 
2'-0-methylguanosine-5'-n)is-(5-pivaIoyl-2-thioethyI)phosphate], 
8-hromo-2'-0-methylguanosine-5'-[bis-(5-pivaloyl.2-thioethyl)phosphate], 
2-amino-3.4-dihydro-7K2-(9-methyl-p-D-ribofuranosyl)-4-oxo-7i/-pyiTolo[2,3- 

20 fqpyrimidine-5'-[bis-(5-pivaloyl-2-thioethyl)phosphate], 

2-amino-5-bromo-7-(3-deoxy-P-D-ribofmanosyl)-3.4-dihydro-4-oxo-7£r-pyrrolo[23- 
cnpyriniidine-5'-[bis-(5-pivaloyl-2-thioethy])phosphate], 

5-bromo-2'-0-methylcytidine-5'-[bis-(5-pivaloyl-2-thioethyl)phosphate], 
3'-deoxycytidine-5'-[bis-(5-pivaloyl.2-thioethyl)phosphate],and 
2'-C>-methylcytidine-5'-[bis(isopropyloxycarbonyloxymethyl)]phosphate. 



25 



29. A pharmaceutical composition comprising a compound of 
Claim 27 and a pharmaceutically acceptable canier. 

The pharmaceutical compositiori of Claim 29 usefti] for 
inhibiting RNA-dependent RNA viral polymerase, inhibiting RNA-dependent RNA 
viral replication, and/or treating RNA-dependent RNA viial infection. 



-231- 



wo 02/057425 



PCT/US02/0I531 



3 1 . The pharmaceutical composition of Claim 3 1 wherein said 
. RNA-dependent RNA viral polymerase is HCV NS5B: polymerase, said RNA- 

dependent RNA viral replication is HCV replication, and said RNA-dependent RNA 
viral infection is HCV infection. 
5 

32. The pharmaceutical composition of Claim 3 1 in combination 
v/ith a therapeutically effective amount of another agent active against HCV. 

33. The pharmaceutical composition of Claim 32 wherein said 
agent active against HCV is ribavirin; levovirin; thymosin alpha-1; an inhibitor of 
NS3 serine protease; an inhibitor of inosine monophosphate dehydrogenase; 
interferon-a or pegylated interferon-o, alone or in combination with ribavirin or 
levovirin. 

34. A method of inhibiting HCV NS5B polymerase, inhibiting 
HCV replication, and/or treating HCV infection in a mammal in need thereof 
comprising administering a therapeutically effective amount of a compound of Claim 
1 in combination with a therapeutically effective amount of anotiier agent active 
against HCV. 

35. The method of Claim 34 wherein said agent active against 
HCV is ribavirin; levovirin; thymosin alpha-1 ; an inhibitor of NS3 serine protease; an 
inhibitor of inosine monophosphate dehydrogenase; interferon-a or pegylated 
interferon-a, alone or in combination with ribavirin or levovirin. 

36. Use of a compound of any one of Qaims 1, 3, 5, 7, 9, 1 1, 13, 

15. 17, and 25-29 in the manufacture of a medicament for inhibition of RNA- 
dependent RNA viral polymerase or inhibition of RNA-dependent RNA viral 
replication in a mammal. 

37. Use of a compound of any one of Qaims 2, 4, 6, 8, 10, 12, 14, 

16. 18, and 25-29 in the manufacture of a medicament for treatment of RNA- 
dependent RNA viral infection in a manunal. 
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38. Use according to Claim 36 for the manufacture of a 
medicament for inhibition of HCV polymerase or inhibition of HCV replication ii 
mammal. 

39. Use according to Claim 37 for the manufacture of a 
medicament for treating HCV infection in a mammal. 



10 
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40. Use according to Claim 39 in combination interferon-a or 
pegylated interferon-a, alone or in combination with ribavirin or levovirin^ 

41. A compound selected from the group consisting of: 

3',5'-di-0-octanoyl-2'-0-methyl-cytidine, 

4-amino-7K3-deoxy-3-methyl-p-D-ribofuianosyl)-7//.pyiroIo[2,3-cgpyrimidin-^^ 
carboxamide, 

2-anuno-5-ethyl-7-(P-D-ribofuianosyl)-7^r-pyaolo[2,3-4]pyrimidin-4p^^ 

2-amino-7-(3Kleoxy-P-D-ribofuranosyl>7^-pyrrolo[23-<lpyrimidin-4(3/0 
2-amino.7-(2^-methyl-p.D-iibofuranosyl>7ff.pyiiolo[23-41pyriniidin-4(^^ 
2-amino.7-(2-0-methyl-P-D-ribofuianosyl)-5/f-pynolo[3.2-^i]pyri 
7-(2-0-methyl-P-D-ribofiiranosyl)-7Jy-pyrrolo[2,3-dlpyiimidine. 

20 2-amino-3,4-dihydro-4K)xo-7-(2-0-methyl-P-I>.ribofuranosyl)-7J?-pyiTolo-[2,3- 
tflpyrimidin-S-carbonitrile, 

2-amino-5-methyl-7-(2-0-methyl-P-D-ribofuranosy]>7ff-pyaolo[23-d]pyrimi 
4(3Z0-one, 

2-amino^cWoro-7-(2-C>-methyl-P-D-ribofuranosyl>7/^-pyrrolo[23-d]pyrimidin-^ 
25 caibonitrile, 

2.amino^hloix>-5-ethyl-7.(2-0-methyl-P-D-ribofuranosy]>7/?-pynolo[23- 
</]pyrimidine, 

2-amino^hloro-5-methyl-7-(2-0-methyl-P-l>ribofutanosyl)-7/f-pyirolo 
Jlpyrimidine, 

30 2-amino-7-(2-(3-methyl-p-D-ribofuranosyl>7ff-pynDlo[23-rf]pyrimidin^(3^ 
thione, 

2-amino^hloro-7-(2-0-methyl-P-D.ribofuranosyl)-7fl-pyrToIo[2;3-d]pyrimidine, 

2-amino^hloro-5-methyl-7-(P-D-ribofuranosyl)-7/f-pyrrolo[23-^qpyriniidine. ' 

2-amino.7K2Kieoxy-2-fluoro-p-D-arabinofuranosyl>7^-pym)loI23-dlpyrimidin- 
35 4i3H)-one, 
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2-amino-4-cWoro-7-{2-deoxy-2-fluoro-p-I>arabinofuranosyl>7iy-p)aTolo[2^ 
tOpyiimidine, 

2-aiiiino-7-(P-D-arabinofuranosyl>3.4-dihydro-4-oxo-7^-pyn^oIo[23-rf^^ 
carbonitrile, 

5 9-(P-D-arabinofuranosyl>9/?-purin-6(lfl)-one, 
3'-amino-3*-deoxy-2'-0-niethyl-adenosine, 
6-ainino-l-(3-deoxy-P-D-ribofiiranosyl^m-imidazo[4,5w:]pyrid^ 

6-anuno-l-(3-deoxy-3-fluoro-P-D.ribofuianosyl>lH-iiiiidazo[4,5-cJp^^ 
one, 

10. 3'-deoxy-2'-0-(2-methoxyethyl)-3'-methyl-5-methyluridine, 

2-ainin<>-7-(3-deoxy.p-D-ribofuranosyl)-3.4-dihydro^xo-7i?-pynolo[23 
d]pyrimidin-5-carbonitrile, 

2.amino-7K3-deoxy-3-niethyl-P-D-ribofuranosyl>7«-pym)lo[23-^]pyrim 
carbonitrile, 

2.amino-7-(3^oxy-3-methyl-P-D-ribofuianosyl>7/^-pyiroIo[2,3-^^^ 
<Mie, , 

2-ainino-7-(3^deoxy-3-fluor6-P-D-ribofui™osylW-pyrroIo[2.3-41pyriniidin 
one,. 

6-amino-l-{2-<9-methyl-P-D-ribofijranosyl)-m-iimda20[4,5-c]pyridin-4(^ 

6-ammo-l-(3-deoxy-3-methyI-P-D-ribofuranosyl>m-iniidazo[4,5-c]pyridin 
one, 

6-anuno-l-(2-deoxy-2-fluoiio-P-D-riboforanosyI)-m-imidazo[4,5-c]pyridin-4(5 
one, 

1- (2-C-niethyl-p-D-arabinofiiranosyl)uraca, 
4-ainino-lK3-deoxy.3-fluoro-P-I)-ribofuranosyl>m-iniida2o[4,5-^^^ 

2- ainmo-7-<-3-deoxy-3-fluoro-p-D-ribofijianosyl>7J?-pyrro]o- 
[2,3-</)pyrimidin-5-carboxamide, 

4-amino-l-(2-C-methyI-p-D-ribofuranosyl)-l/f-pyrazo]o[3,4-flpyrimitf^^^^ 

4-amino-l-(3-deoxy-P-D-ribofuranosyl)-l//-imidazo[4,5-cJpyridine. and 

4-anuno-l-(3-deoxy-3-methyl-P-D-ribofuranosyl)-m-iinidazo[4,5-c]pyridine; 
and the corresponding 5'-triphosphates; 

or a phannaceutically acceptable salt thereof. 
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